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Abstract
Memory is the mental processes of receiving and storing information for later retrieval, with
long-term memories being those that are stored longer than 30 seconds. Little research has been
done to investigate memory in any of the 13 species of otters. Object recognition memory has the
potential to aid otters in identifying conspecifics, prey, and predators, which would contribute to
better survival and fitness. Object recognition memory has been investigated in many non-human
animals using the novel object recognition (NOR) task. This study was the first to investigate
long-term object recognition memory in the North American river otter using the NOR task. The
subject was one adult male otter, Sailor, that resided at the Seneca Park Zoo in Rochester, NY.
The stimulus pairs for this task were multimodal (3D objects and odorants) to take advantage of
multisensory facilitation. The current study investigated three memory intervals: 10 minutes, 1
hour, and 24 hours (each interval included 10 sessions). There were two dependent variables:
time spent with each stimulus pair and number of explorations (the otter making physical contact
with, or being within a few centimeters of the stimulus pair). The results did not provide
evidence for memory at any of the memory intervals. This may have been due to the otter
spending significantly more time on the left side of the enclosure because of the experimental
setup. Other limitations included the single-subject design and lack of information about what is
discriminable in both vision and olfaction in otters. Future research should further investigate
long-term memory in otters using either the NOR task or a puzzle feeder task, as well as with
additional otter subjects. There is still much to be learned about memory in otters, which could
have applications for animal welfare in zoos and can inform conservation efforts for otters.
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An Investigation of Novel Object Recognition Memory in a
North American River Otter (Lontra canadensis)
Memory is “the mental processes of acquiring and retaining information for later
retrieval” (Ashcraft & Klein, 2010, p. 9). It is critical for most other cognitive functions and can
be divided into short-term (working) memory, and long-term (reference) memory, though there
are many other forms of memory including spatial, declarative, nondeclarative, semantic,
episodic, and procedural memory (Olmstead & Kuhlmeier, 2015). The focus of this study will be
on long-term memory, which are memories that last beyond 30 seconds (Goldstein, 2019). Longterm memory involves encoding, storage, and retrieval of information from the theoretically
limitless long-term store (Olmstead & Kuhlmeier, 2015). In non-human animals, long-term
memory is used to return to breeding or feeding grounds, recognize conspecifics (belonging to
the same species), and identify predators and prey (Olmstead & Kuhlmeier, 2015; Shettleworth,
2010). Therefore, long-term memory is adaptive as it is beneficial to the survival and fitness of
non-human animals.
Little research has been done examining memory in any species of otter. Perdue and
colleagues (2013) investigated spatial memory in Asian small-clawed otters (Aonyx cinereus) in
a simulated foraging task. A modified radial arm maze was rubbed with fish on all eight arms,
but only four arms were baited with pieces of fish. The same four arms were always baited with
fish. The nine otters were able to individually explore the maze for two minutes and could
retrieve the fish. This was repeated twice a day, in the morning and night, with a total of 21
sessions. The final day of testing, session 21, was a probe trial where all the arms were rubbed
with fish but none were baited with fish. There was a significant increase in the number of
correct responses, which was going to the baited arms in the maze. Additionally, there was a
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significant decrease in the total number of responses, meaning that the otters were making less
errors over time. Finally, performance was significantly above chance in the probe trials where
the otters were significantly more likely to visit the previously baited arms. Perdue and
colleague’s (2013) results provide evidence for spatial memory in Asian small-clawed otters.
Saliveros and colleagues (2020) studied spatial and long-term memory of Asian short-clawed
otters (Aonyx cinereus) in a foraging context. Three groups of otters (n = 25 individuals) were
presented with five novel extractive foraging tasks which were plastic containers with holes in
them baited with meat. Each group of otters were only shown each novel extractive foraging task
once in a random order for each group. Multiple exemplars of the same type of the foraging task
were given to the groups of otters so all the individuals in the group could potentially interact
with the tasks. The otters solved all five foraging puzzles more quickly the second time (M =
65.23 s) they were introduced compared to the first time (M = 160.64 s), even when this time
interval was greater than 100 days. This study shows support for otters possessing long-term
memory capabilities in a foraging context. Thus far, no studies have examined memory of any
kind in North American river otters (Lontra canadensis). The purpose of the current study is to
examine long-term object recognition memory (the ability to recognize a familiar object over
varying lengths of time; Reger et al., 2009) in North American river otters.
North American river otters are members of the subfamily Lutrinae within the family
Mustelidae. There are 13 different otter species that vary in their habitat, diet, size, and foraging
skills (Yoxon & Yoxon, 2014). North American river otters are found throughout most of North
America from the Atlantic to Pacific coasts in a wide range of habitats including rivers, streams,
lakes, bogs, and rocky seacoasts (Kruuk, 2006). North American river otters normally reside in
social groups of females and their young or unrelated males with overlapping home ranges,
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showing their gregariousness (Kruuk, 2006). Their primary food source tends to be small,
bottom-dwelling fish, but they also consume crustaceans and insects along with a variety of other
species in more opportunistic situations such as birds, mammals, reptiles, and amphibians
(Fretueg et al., 2015; Guertin et al., 2009; Larsen et al., 1984; Penland & Black, 2009; Reid et
al., 1994; Scordino et al., 2016; Toweill, 1974). Therefore, otters forage both underwater and in
the air, depending on their prey type. North American river otters usually find their den sites on
land, utilizing available structures such as tree logs and abandoned dens made by other animals
(Haar, 2015). Female otters will also prepare natal nests on land near small streams in a secluded
location (Haar, 2015). As semi-aquatic mammals, North American river otters spend time both in
the water as well as on land so they frequently use their senses both underwater and in the air.
While there has been only one published study on otter memory, there are many more
studies investigating memory in various non-human animals such as non-human primates (e.g.,
Malkova & Mishkin, 2003; Matthews & Snowdon, 2011), fish (e.g., Lucon-Xiccato & Dadda,
2014; May et al., 2016), dogs (e.g., Callahan et al., 2000), birds (e.g., Bogale et al., 2012;
Godard, 1991), sea lions (e.g., Pitcher et al., 2010; Kastak & Schusterman, 2002), rodents (e.g.,
Lueptow, 2017; Reger et al., 2009; Sutcliffe et al., 2007), pigs (Gifford et al., 2007), horses
(Hanggi & Ingersoll., 2009), mollusks (e.g., Agin et al., 2006), and insects (Jaworski et al., 2015;
Saverschek et al., 2010). These different species use various types of memory in different ways.
For example, Matthews and Snowdon (2011) found that cotton-top tamarins possess long-term
memory of relative’s calls up to a period of 55 months. Being able to remember and identify
relative’s calls could be adaptive to tamarins as it would likely benefit their survival since they
can avoid inbreeding and potentially engage in cooperative behaviors with family members they
have lived with and cooperated with previously (Matthews & Snowdon, 2011). Other species
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may use long-term memory in adaptive ways, such as the cleaner fish that have been found to
show evidence of long-term memory nearly a year after an aversive event (Triki & Bshary,
2019). When these wild fish were caught in a barrier net, it was found that eleven months later
half of the fish in that same area displayed unusual hiding responses when the barrier net was
placed in the water. This suggests that after only a single highly aversive event, cleaner fish may
store that memory which could be adaptive in allowing the fish to avoid capture again.
The ability to remember objects could be useful and adaptive for otters, such as while
foraging. There is evidence that otters use sight as well as touch when foraging to catch their
prey (Green, 1977). In this study it was found that European river otters (L. lutra) took four times
longer to find prey in turbid waters compared to clear waters (when both vision and tactile
perception were available). When otters were foraging in clear water, the time it took them to
find prey was the same if they could use tactile perception or not. However, when otters were not
able to use tactile perception and only vision, it took them 20 times longer to find prey in turbid
water than in clear water (Green, 1977). These findings suggest that river otters use vision as
their primary sensory modality when foraging but tactile perception is used as well, especially
when environmental conditions make vision suboptimal. A foraging otter could use their vision
along with object recognition memory to help them find the prey that will result in the greatest
metabolic payoff (Crimmins et al., 2009). Similarly to the findings of Triki and Bshary’s (2019)
study, otters could potentially remember aversive events, including conflicts with predators such
as wolves, coyotes, bobcats, alligators, and/or killer whales (Kruuk, 2006), depending on where
the otters reside. In the future, otters could use the memory of that aversive event, along with
object recognition memory, to identify their predators and avoid future conflicts.
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Understanding object recognition memory could also be beneficial for staff caring for
otters residing in zoos or other accredited facilities. There are an estimated 300 otters of various
species in 137 Association of Zoos and Aquariums (AZA) accredited facilities across the United
States (Association of Zoos and Aquariums, 2021A). This includes an estimated 200 North
American river otters in 103 AZA accredited facilities in the United States, which are the most
numerous of all species of otters in zoos, and the focus species in this study. Advancing animal
welfare is a part of AZA’s mission (Association of Zoos and Aquariums, n.d.), and providing
appropriate and engaging enrichment is one of the ways facilities can promote animal welfare.
AZA defines enrichment as a process that improves and/or enhances animal environments and
care, with the goal of increasing behavioral choices and providing opportunities for speciesappropriate behaviors (Association of Zoos and Aquariums, 2021B). Additionally, carnivores
such as otters can display abnormal behaviors when under human care if they expend too little
effort to obtain their food (Carlstead, 1998). When appropriate enrichment devices or techniques
are used though, it has been found that these abnormal behavior patterns can decrease in otters
(Nelson, 2009; Ross, 2002). By participating in this study, the otter was able to see, smell, and
interact with novel objects and odorants, making this study enriching. Also, participating in
research itself is enriching for the animal. Additionally, the findings from this study could be
very important for other otters residing in AZA facilities. If we have a better understanding of
memory in otters and the role that visual and olfactory cues play in object recognition memory,
better enrichment devices and techniques can be created and implemented. For example, if otters
show a preference for novel objects, it would be useful to know the length of time they continue
to show evidence of memory. That way, the same enrichment objects could be reused after that
length of time has passed. This helps the otters so they do not become less engaged with the
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enrichment items they are provided and also saves the facilities housing the otters funds so they
are not continually purchasing or building new enrichment items. It is important to remember
that enrichment is not one size fits all for every species within a zoo. Effective enrichment must
be identified for each individual species, which this study will contribute to for North American
river otters.
Another reason it is beneficial to study memory in otters is because it can benefit
conservation research and efforts for otters. River otters nearly went extinct in Western, New
York until reintroduction efforts began in the 1990s. Over the past 18 years, states have reported
either increasing or stable river otter populations throughout the US (Roberts et al., 2020). While
some river otter populations are increasing, it does seem that the species is approaching their
maximum geographic distribution in the US. Otters still face issues today such as pollution,
trapping, and degradation of their environments (Yoxon & Yoxon, 2014), so they may not have
as many suitable habitats to continue to spread throughout the US in order to continue increasing
their population numbers. Conservation efforts can be better informed about how best to support
these animals if we know more about their cognitive abilities, including memory of which
currently do not know much about.
This literature review will begin with a discussion of different sensory modalities in
otters specifically as well as more generally in Mustelids. Since the stimulus pairs in this study
were multimodal, it is important to have an understanding of what is already known about the
perceptual abilities in this species. This review will focus both specifically on otters as well as
more generally on the family they belong to due to the limited visual and olfactory perception
research in otters alone. First, visual perception in Mustelids and otters will be discussed. Next,
there will be a review of olfactory perception in Mustelids and otters. The portion of the review
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focused on sensory modalities in otters will end with a section on tactile perception since it was
possible for the otter to potentially touch the stimulus pairs with his nose or paws. Then, review
object recognition memory in non-human animals will be discussed. Finally, the review ends
with a definition and description of the novel object recognition (NOR) task, which is frequently
used to assess object recognition memory in non-human animals.
Visual Perception in Mustelids
Since otters belong to the family Mustelidae, along with other carnivorous mammals such
as weasels, badgers, ferrets, martens, minks, and wolverines, a brief overview of visual
perception in mustelids is useful as it can help us understand visual perception in otters and their
close relatives. Mustelids have fronto-lateral eyes with a binocular field of 60°-80° (Walls,
1944), which is narrower than the human binocular field of 120° (Stidwill & Fletcher, 2017).
Mustelids possess a duplex retina with both rods (photoreceptors that perceive shades of grey
and allow for vision in low light conditions) and cones (photoreceptors that perceive color in
bright conditions [Pomerantz, 2019]) where rods are often the predominant photoreceptor
(Murphy, 1985). For example, the rod:cone ratio in polecats is 14:1, in the ferret range from 20:1
to 50:1, and in the American mink is 20:1 (Murphey, 1985), compared to humans which is also
20:1 (Mustafi et al., 2009). Visual acuity is typically measured as minutes of arc, where a lower
number indicates higher acuity (e.g., humans with 20/20 vision have a visual acuity of 1 min of
arc). The American mink (Neovison vison), the ferret (Mustela putorius furo), and Asian
clawless otters (Aonyx cinereus) seem to have a similar visual acuity to each other with
approximately 15 min of arc (Murphey, 1985). Ferrets may have better visual acuity under
brighter conditions up to 8.5 min arc (Murphey, 1985). However, it has been suggested that
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when foraging, movement detection may be more important than visual acuity in mustelids
(Poole & Dunstone, 1976; Sinclair et al., 1974).
Vision can also be used by mustelids to aid in communication, though this is poorly
studied (Mumm & Knörnschild, 2018). Fur coloration and posture may be used by some
mustelids as part of their communication with one another. Some mustelids, such as badgers,
have distinctive markings known as facial masks (e.g., thick vertical stripes of black and white
fur on the face of some badgers). These markings may aid in heterospecific (belonging to
different species) communication to serve as a visual warning signal to stay away. This type of
fur coloration is found in species that produce defense sprays and anal gland secretions, such as
grisons and badgers. Throat markings are another fur coloration pattern seen in some mustelids,
such as giant otters (Pteronura brasiliensis), that may possibly be used to identify individuals
among conspecifics since these patterns are often unique to each individual (Mumm &
Knörnschild, 2018). Unfortunately, whether or not throat markings are used for individual
identification in mustelids has yet to be tested. There is still much to be investigated on visual
perception and communication in mustelids.
Visual Perception in Otters
Little research has been done on visual perception in North American river otters, and
there have been a limited number of studies investigating vision in other species of otters. As a
result, not much is known about the visual acuity of North American river otters, though it is
thought that their visual acuity is worse underwater than in the air (Kruuk, 2006). Compared to
humans, Asian small-clawed otter vision is superior underwater (Schusterman & Balliet, 1970)
but inferior in air (Shlaer, 1937). Sea otters (Enhydra lutris) have been found to have underwater
visual acuity of 7 min of arc (Mass & Supin, 2000). Asian small-clawed otters have visual acuity
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similar to minks in air (Sinclair et al., 1974). Additionally, Balliet and Schusterman (1971) found
that in bright conditions, Asian small-clawed otters had equivalent visual acuity in air (14-15 min
of arc) as they did underwater (15-16 min of arc). However, in dim light conditions Asian smallclawed otters showed better visual acuity in the air (38-39 min of arc) than underwater (57-58
min of arc; Schusterman & Balliet, 1973). Therefore, it is important when using visual stimuli to
test otters during the day when there is bright daylight as this is likely when their visual acuity is
the best. In the current study, the otters will always be tested during the day and all stimuli will
be presented in air, not underwater. The use of odorants in this study did not permit us to present
the stimulus pairs underwater since the odorants diffuse in the water. It was essential to this
study that the odorants stay concentrated and close to the stimulus pairs, which was only
achievable in air and not underwater.
It was found in two anatomical studies that both sea otters and European river otters
(Lutra lutra) have dichromatic color vision with S and M/L cones (Levenson et al., 2006; Peichl,
et al., 2001). In a behavioral study, European river otters were able to discriminate blue and
green from multiple shades of gray (Kasprzyk, 1990, cited in Griebel & Peichel, 2003). Another
study found that three Asian small-clawed otters could discriminate gray from white, green, blue,
and red (Svoke et al., 2014). In this study, one of the three otters was also able to discriminate
between blue and green, as well as between blue and red, but not between red and green. This
study suggests that Asian small-clawed otters likely have dichromatic vision as well. Therefore,
it is likely that other species of otters like North American river otters could have dichromatic
vision. Additionally, DeLong et al. (2019) found preliminary evidence of dichromatic vision in
North American river otters, though further research is necessary to make firm conclusions.
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There have only been two studies that examined visual object discrimination in any
species of otter, both of which studied North American river otters. Slack (1966) presented two
North American river otters with a variety of 2D stimulus pairs. The stimuli consisted of
different shapes, symbols, and letters (e.g., square, triangle, circle, heart, arrows, letters S, E, R,
X). In a two-alternative forced choice task, it was found that one otter succeeded with all 11
stimulus pairs while the second otter only succeeded with two of the stimulus pairs. The otters’
performances were impacted by different levels of motivation, issues with the apparatus, and
distractions, especially from the male otter that caused the female otter to become distracted. In a
different study, DeLong et al. (2019) presented two North American river otters with 2D objects
to understand if otters could discriminate between them using multiple visual features, including
shape and color. This study also wanted to determine if the otters could continue to discriminate
when either shape or color cues were removed. The stimuli consisted of circles, triangles, and
hexagons that were blue, red, or black. Both otters successfully learned to discriminate between
training stimuli using multiple cues, including shape and color. The otter, Sailor, who
participated in the current study was one of the otters that participated in this previous study. One
of the otters (not the one who participated in the current study) was able to additionally
discriminate between test stimuli using either shape (when color was removed as a cue) or color
(when shape was removed as a cue) in combination with other features such as size and
brightness of the stimuli. The second otter, who is the otter that participated in the current study,
continued to perform well on the training stimuli during testing, but was not able to discriminate
between novel test stimuli when either color or shape was removed as a cue. This could have
been due to his lack of ability to discriminate between stimuli when the number of features
available were reduced. However, he also showed a side bias during the test and participated in
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fewer test trials compared to the other otter. Despite this, Sailor still had exceptional performance
with the training stimuli during testing with 82.7% accuracy, well above chance performance
(50%). DeLong et al.’s (2019) study shows that North American river otters are able to
discriminate between 2D objects using different visual features and provides preliminary
evidence of color vision in this species of otter. Therefore, color and shape are possible cues that
otters could use when visually discriminating between objects in the current study. Objects were
chosen that vary in color, shape, texture, and material in the current study to allow for maximum
discriminability.
Olfactory Perception in Mustelids
Olfactory perception is of use to mustelids in a variety of contexts including foraging,
identifying predators, prey, indicating reproductive state, marking territory, and to aid both intraand interspecific communication through scent-marking (Berzins & Helder, 2008; Mumm &
Knörnschild, 2018; Price et al., 2016). Olfactory communication is said to be the most important
form of communication for mustelids (Mumm & Knörnschild, 2018) not only among
conspecifics, but also among different species of predators (Garvey et al., 2017). Many mustelids
are solitary carnivores and olfactory communication allows individuals to communicate while
avoiding direct contact. Berzins and Helder (2008) investigated olfactory communication in
ferrets looking specifically at the different importance certain scents may have. In this study,
domestic ferrets were presented with anal, urogenital, and body scent-markings from other
ferrets in the habituation-discrimination task. In the first phase of this task, ferrets were presented
with two pieces of filter paper that had the scent from the same animal to habituate. This was
repeated over four consecutive days. On the fifth day, the ferret was presented with one familiar
and one unfamiliar scent during the second phase of the task. Male ferrets spent more time with
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the urogenital and body-odor scent-markings of the opposite sex than female ferrets did. Males
and females both showed interest in anal scent-markings, and both sexes were able to
discriminate between familiar and unfamiliar anal scent-markings. This study shows the
complexity of olfactory communication and how different scent cues may hold different
importance based on sex and thus be used by male and female ferrets differently.
Beyond using olfactory cues to communicate with conspecifics, mustelids may also use
such cues to mediate relationships between dominant and subordinate predators (Garvey et al.,
2017). This communication can be unintentional or deliberate, but either way it can help
subordinate predators in order to coexist and avoid conflict with dominant predators. A
subordinate predator is an animal that hunts other animals but may also face predation
themselves, whereas a dominant predator would not face much predation. In their field
experiment, Garvey et al. (2017) set up cameras and either just vials of rabbit meat or vials of
rabbit meat plus a piece of a towel with ferret body odor (the dominant predator). It was found
that all the subordinate predators (stoats, hedgehogs, and rats) were detected more when the
chemical cues from a dominant predator (ferrets) were present in the area. Stoats (which are
mustelids) showed the greatest response to the dominant predator’s chemical cues with a
significant increase in the number of observations as well as the amount of time spent at the site.
It seems that the subordinate predators engaged in “eavesdropping” when they detected a
dominate predator in order to monitor the area where the dominant predator seemed to be. For
prey, simple avoidance is often the optimal defense is a predator’s scent is detected. However,
subordinate predators seem to investigate the scents of dominant predators to gain more
information, such as the direction the dominant predator traveled (Garvey et al., 2017). The
subordinate predator can either avoid that area or be more cautious when they are also hunting in
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the same area. This study highlights another context in which olfactory communication aids in
mustelid survival by avoiding conflict with a dominant and potentially dangerous predator.
Olfactory Perception in Otters
Otters may use olfactory cues in similar ways as other mustelids. Chemical cues that are
found in urine, feces, and gland secretions can transmit information related to health, sex, social
status, reproductive state, and also help to maintain social hierarchies (Rostain et al., 2004). For
example, male North American river otters have pedal glands on the pads of their inner toes of
their hind paws so that secretions are left wherever the otter walks (Kruuk, 2006). Since these
glands occur only in males it is thought that the function of these secretions is to be sexual. In
addition to these reproductive-related olfactory cues, North American river otter may also use
scent cues for social hierarchy when in groups. When living in solitary groups, territoriality is
also communicated through scent cues to avoid encounters and possible conflicts with
conspecifics (Mumm & Knörnschild, 2018). Signaling territory through scent cues is a behavior
that otters frequently engage in. North American river otters tend to leave spraint sites, mostly
consisting of large piles of scat, outside of their dens, next to freshwater pools along seacoasts, at
junctions of streams, and near trees (Kruuk, 2006). These spraints are left in these specific
locations likely to prevent competition of resources through indirect olfactory communication.
Rostain et al. (2004) investigated if male North American river otters use spraints to
understand species identity, reproductive signals, territorial signals, intragroup communication,
and relatedness. Wild-caught adult male captive otters were presented with jars of spraints from
unfamiliar male otters versus Steller sea lion (Eumetopias jubatus) feces, unfamiliar adult male
otters versus unfamiliar sexually inactive female otters, and familiar adult male otters versus
unfamiliar adult male otters. Determinations of social hierarchy were made based on behavioral
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observations and relatedness was determined through DNA analysis. It was found that the otters
spent significantly more time investigating feces from other otters than they did sea lion feces.
This may be because otters can obtain more important information from those conspecifics than
heterospecifics. Also, as coastal river otters in Alaska these specific otters may have learned to
stay away from sea lions who could potentially be dangerous. This study also found that otters
spent more time investigating the feces of male otters than they did of sexually inactive female
otters. In this case, the otters may have determined that it was more important to investigate an
unfamiliar male who could pose a threat rather than a female that is currently not sexually active
(Rostain et al., 2004). This study empirically shows that river otters perceive olfactory signals
that communicate both sex and species identity. To date, there is no published research to
suggest how often otters use olfaction to identify objects that are not other animals or individual
otters.
Tactile Perception in Otters
The otter could potentially touch the stimulus pairs with the setup in the current study, so
there will be a brief discussion on tactile perception in otters. To date, there has not been any
information in the literature about river otters using touch to identify objects. It seems that tactile
perception may be used in North American river otters either in along with vision when foraging,
or to aid the otter when vision is more difficult such as in turbid waters or in the dark (Green,
1977). There is not much literature on tactile perception in North American river otters, most of
the literature is focused on sea otters (e.g., Marshall, 2014; Strobel et al., 2021; Stroble et al.,
2018). Sea otters have been found to have good tactile sensitivity with both their paws and their
vibrissae (whiskers), but in a two-alternative forced choice task these otters had better sensitivity
when using their paws (Strobel et al., 2018). Sensitivity for both paws and vibrissae were similar
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in air and underwater. However, sea otters are fully aquatic marine mammals, and they may have
divergent tactile somatosensory systems compared to other species of otters (Marshall, 2014).
Therefore, findings with sea otters may not be very applicable to river otters who likely do not
have such adaptations as they are semi-aquatic mammals.
Asian small-clawed otters are also semi-aquatic mammals, but they are some of the most
tactile species of otter (Svoke, 2011). Similarly to sea otters, Asian small-clawed otters tend to
frequently use their hands for tactile perception. In comparison to these two species of otters,
river otters seem to use their facial vibrissae more when relying on tactile perception (Kruuk,
2006). One recent study collected anecdotal reports about stone handling, a mostly tactile
activity, in all 13 species of otters (Bandini et al., 2021). Sea otters are currently the only species
of otter that has been observed to use stones as tools but other species of otters, including
smooth-coated otters and Asian small-clawed otters, have been found to handle stones through a
form of play called rock juggling (Allison et al., 2020). Based on these findings, Bandini and
colleagues (2021) gathered reports that indicated 10 out of 13 otter species engage in stone
handling behavior. This included captive North American river otters who were reported to
juggle stones with their hands and on their bellies as well as drop stones into water and retrieve
them. Therefore, it seems that North American river otters do sometimes use their hands, and
thus use tactile perception, while playing with stones. In the current study, the otter had direct
access to the stimulus pairs so it was a possibility that he could touch them and use tactile
perception to identify and/or remember the objects. However, this study was not designed to
assess which sensory modalities the otter was using during the task, the purpose of the study was
to assess memory in North American river otters.
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Object Recognition Memory
Object recognition memory can be defined as the ability to discriminate between familiar
and novel objects (Gifford et al., 2007). This type of memory may aid non-human animals,
including otters, in avoiding predators, locating food, choosing mates, and selecting an
appropriate habitat. Object recognition memory has been studied in a variety of non-human
animals such as dogs (Callahan et al., 2000), domestic pigs (Gifford et al., 2007), rodents
(Lueptow, 2017; Reger, 2009; Silvers et al., 2007; Sutcliffe et al., 2007), monkeys (Malkova &
Mishkin, 2003), and fish (Lucon-Xiccato & Dadda, 2014; May et al., 2016) as well as human
infants (e.g., Kimura et al., 2010; Reynolds & Richards, 2019). Object recognition memory can
be investigated in non-human animals using a variety of tasks, including the novel object
recognition (NOR) task (e.g., Lueptow, 2017; Lucon-Xiccato & Dadda, 2014; May et al., 2016;
Reger, 2009; Silvers et al., 2007; Sutcliffe et al., 2007), delayed nonmatching to sample (DNMS)
task (e.g., Callahan et al., 2000), and the one-trial object-place association task (Cole et al., 2019;
Malkova & Mishkin, 2003). To date, there has not been any research examining object
recognition memory in any species of otter using any of these tasks.
Object recognition memory may be influenced by factors within each study that impact
how long an animal shows memory, such as how important or interesting the stimuli are. In a
study with wild fish, Triki and Bshary (2019) found evidence of memory in cleaner fish up to 11
months after a very important, aversive event (being caught in a net). In contrast, May and
colleagues (2016) found evidence of memory in zebrafish up to 5 minutes when 3D LEGO®
stimuli were used that may be of less importance to fish. In the current study, otters will be
presented with objects that are more similar to those presented in May and colleague’s (2016)
study as it would not be appropriate to place the otters in an aversive situation as was done in
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Triki and Bshary’s (2019) study with wild fish. However, in the current study the objects were
selected so that they were thought to have equal levels of interest and importance to the otter
being either simple machined objects made of plastic, metal, or PVC, or dog/animal toys. At the
Seneca Park Zoo, similar objects are often used for enrichment such as puzzle feeders made of
PVC, plastic rafts, and toys such as plastic balls. Therefore, it is thought that our objects will all
fall within this general category of potential enrichment objects and thus have intermediate levels
of interest and importance to the otters. None of the objects are associated with food, to our best
knowledge, which would be of much more importance and importance to the otters than an
enrichment object.
Another factor to consider when selecting stimuli is the size of the objects. Reger and
colleagues (2009) demonstrated that in rats, objects should not be taller than twice the animal’s
size. If the objects are too large, the animals may be hesitant to approach and interact with the
stimuli as they could be intimidating. On the other hand, if the objects are too small the animal
may not be interested in, or possible fail to notice the stimuli, as demonstrated by May and
colleagues (2016) who found that zebrafish showed memory effects only for intermediately sized
objects and not for small or large objects. Therefore, size of the objects in relation to the species
being studied is another important factor to consider when choosing stimuli to assess object
recognition memory in non-human animals. In the current study objects were selected that are an
intermediary size based on the otters. The objects are all smaller than the otters, but not so small
that they would be easily missed by the otters (the objects range from 7 cm to 37.5 cm in length,
4 cm to 27.5 cm in width, and 1 cm to 16.5 cm in width). Additionally, the objects are
approximately the same size as the stimuli used in DeLong and colleague’s (2019) visual
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discrimination study with North American river otters (with stimuli measuring 27.5 x 27.5 cm)
which found the otters could discriminate between various stimuli.
Novel Object Recognition Task
Object recognition memory is frequently assessed in non-human animals, especially in
rodents, using the novel object recognition (NOR) task (May et al., 2016). The task was
originally developed for rats (Ennaceur & Delacour, 1988) but has been adapted and used to
investigate object recognition memory in many different non-human animal species (e.g.,
monkeys, horses, birds, cats, and pigs). In this task, an animal will first be exposed to two
identical objects in the familiarization trial that they have never seen before (e.g., two balls that
are exactly the same in shape, size, color, material, etc.). The animal is then removed from the
test area for the desired length of time that the researcher wants to test, which is usually referred
to as the memory interval. Finally, the animals reenter the test area where this time they are
exposed to one familiar object from the previous familiarization trial, as well as a novel object
(e.g., one of the balls they were shown in the familiarization trial and a water bottle that they’ve
never seen before; see Figure 1). The animal is then observed, and their behavior is recorded in
both the familiarization and the test trials to see if they show a significant preference for either
object, usually based on the amount of time spent close to and/or interacting with the object
(Aggleton et al., 2010; Lucon-Xiccato & Dadda, 2014; May et al., 2016; Reger et al., 2009).
Significantly more time spent near/interacting with either the familiar or the novel object would
demonstrate that the animal remembered the familiar object and thus, show evidence of object
recognition memory (May et al., 2016). If no difference is found in the time spent with the
familiar or novel object, this would demonstrate that the animal did not remember the familiar
object, which would not provide evidence of object recognition memory. Different species and
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even individuals may tend to show a novel or familiar preference based on how neophobic
(dislike of novelness) or neophilic (affinity for novelness) they are. For example, mice and rats
tend to have a preference for novelty, so they usually spend more time with the novel object
during test sessions (Ennaceur & Delacour, 1988; Lueptow, 2017). In contrast, some zebrafish
tend to prefer exploring familiar objects instead of novel objects in the NOR task (May et al.,
2016), though there have been some results showing zebrafish prefer the novel object (LuconXiccato & Dadda, 2014). These varying findings in fish could potentially be due to individual
differences in the fish subjects themselves tending to be more neophobic or neophilic. It could
also be based on the different stimuli that were presented in different studies. For example, size
seems to be an important factor where if objects are too large or too small compared to the
animal being studied, the animal may not interact with the stimuli very much (May et al., 2016;
Reger et al., 2009).
The NOR task is relatively simple in that it does not involve training (e.g., training the
animal via operant conditioning to approach or avoid any stimulus for a food reward), so results
can be relatively quickly obtained. Often, the animal(s) will first be habituated to the location
where testing will take place in order to ensure they are comfortable in that location and feel free
to explore stimuli in the later familiarization and test phases. After habituation, data can begin
being collected. The NOR task is also easily adapted to a variety of species, making it quite a
useful task in comparative psychology research (Blaser & Heyser, 2015). Since there is no
previous research specifically pertaining to otters’ object recognition memory, it seemed best to
use a task that has been used in such a wide variety of species.
Reger et al. (2009) found that age can influence object recognition memory in rats when
using the NOR task. Younger rats (postnatal day 20-23) showed evidence of object recognition
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memory after 0.25- and 1-hour, while older rats (postnatal day 29-50+) showed such evidence of
memory up to 24-hours. This shows that age can impact object recognition memory abilities and,
in rats, object recognition memory may develop with age. The otter that participated in the
current was considered elderly at 14 years old. However, because there are no previous studies
on object recognition memory in otters and only one otter participated in this study, we will not
be able to determine if age has an effect on object recognition memory in otters.
Pigs are another species that has shown evidence of object recognition memory using the
NOR task (Gifford et al., 2007). When domestic pigs were habituated to two identical object for
two days, they showed evidence of object recognition memory at three-hour and five-day delays,
but not at one-hour delays. The pigs may not have shown evidence of memory at one-hour not
because they did not recognize the objects (since they recognized objects up to five days), but
instead because of discrepancies between the habituation environment (their home pen) and the
test environment (a separate pen where the pigs could be tested individually) which may have
had a greater effect at the shorter delay (Gifford et al., 2007). Additionally, no novelty or familiar
preference was found for any delay when the pigs were only exposed to two identical objects for
10 minutes. This may have been due to a failure to habituate to objects in such a short amount of
time, or due to distractions in the testing area during the habituation phase (Gifford et al., 2007).
Therefore, it is very important to limit the amount of distractions or discrepancies during the
habituation or test environments, as well as ample time to habituate to the presented objects
when using the NOR task. In this case, 10 minutes was not enough time for habituation in the
familiarization phase, though some studies have been able to successfully use a 10-minute
familiarization phase (e.g., Ennaceur & Delacour, 1988; May et al., 2016). Other studies have
successfully used a 30-minute familiarization trial (DeLong et al., 2021; Miletto Petrazzini et al.,
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2012) which may be a more appropriate length of time depending on the species. Since there has
not been any previous study that used the NOR task with otters, it seemed best to use a longer
familiarization trial to avoid any possible issues that Gifford et al. (2007) encountered in their
study with pigs. However, due to the otter’s behavior during pilot testing, it was determined that
he was only able to tolerate a familiarization trial of 20 minutes. This is less than the 30-minute
familiarization time that was successful in some studies (DeLong et al., 2021; Miletto Petrazzini
et al., 2012), but also twice the time of the familiarization trial in the Gifford et al. (2007) study.
Zebrafish are another species that have been more frequently studied using the NOR task.
May and colleagues (2016) used the classic NOR task that is very similar to what was done in
the current study. In their study, zebrafish were first placed into a holding tank before being
transferred into the experimental test tank where they were presented with two identical objects
in the familiarization phase. The fish were allowed to explore the two identical objects, in this
case 3D LEGO® figures, for 10 minutes before being placed back in the holding tank for the
memory interval. During this time, one of the stimuli in the test tank was replaced with a novel
stimulus and the other stimulus was replaced with an identical copy of the stimulus from the
familiarization session. The fish was then placed back in the test tank for 10 minutes during the
test phase. The test tank was divided into three areas: two lateral zones and a middle zone. The
objects were placed in each lateral zone and the middle zone was empty. Randomization was
used to determine in which lateral zone the novel stimulus would be placed as well as which
object would be novel, and which would be familiar. Motion tracking software was used to
measure the amount of time the fish spent near the objects, in the zones, the total distance swam,
and the time the fish did not move at all. A small box was superimposed over the two objects in
order to determine the time the fish spent near the objects. It was found that the zebrafish showed
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a preference for intermediately sized, familiar, complex objects after 1 and 5 minutes. No
significant differences in time spent with the novel or familiar objects were found for any of the
stimuli in any of the longer memory intervals.
In contrast, Lucon-Xiccato and Dadda (2014) also used the NOR task to assess object
recognition memory in zebrafish but used a 25-minute familiarization phase. In this case,
zebrafish tended to prefer the novel object, spending significantly more time with the novel
object compared to the familiar object. Additionally, the zebrafish showed evidence of memory
up to a 24-hour delay, compared to only up to a 5-minute delay in May et al.’s study (2016).
These differences between two studies with zebrafish may be due to the different lengths of the
familiarization phases. The comparison of these findings again shows that a 10-minute
familiarization phase may not be a sufficient amount of time for some animals to habituate and
become familiar with the objects that are presented to them. The Lucon-Xiccato and Dadda
(2014) study had other important elements to it that will be useful to the current study. It is
common for the test trials to be recorded when using the NOR task, as that is the phase that is
usually coded and analyzed to assess memory. However, in Lucon-Xiccato and Dadda’s (2014)
study, they also recorded the familiarization trials. It was found that the zebrafish spent time
close to the stimuli for the first five minutes, but after that time spent close to the stimuli dropped
to nearly 50%. Therefore, it was decided to restrict analyses to the first five minutes of the test
phase. This study shows it is important to record the familiarization trials when using the NOR
task as this can help to better inform analysis of the test trials. Therefore, the familiarization trials
were recorded in the current study.
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Current Study
This was the first study to investigate object recognition memory in any species of otter.
The main goal of this study was to explore whether a North American river otter would show
evidence of object recognition memory in the NOR task. This task is regarded as a very good
method to examine memory across many species, is relatively simple to perform, and has
ecological relevance for many species (Blaser, 2015). This study also investigated the amount of
time that an otter showed evidence of object recognition memory at three time points, as well as
if the otter showed any preferences for novel or familiar objects. The stimulus pairs in this study
were multimodal, consisting of 3D objects that were visually accessible paired with odorants that
were contained in plastic bottles and presented next to the 3D objects.
A unique element of this NOR study was the use of odorants as part of our stimulus pairs,
in addition to visual objects. Visual stimuli are frequently used in studies examining object
recognition memory, especially when the NOR task is used (e.g., Callahan et al., 2000; Gifford
et al., 2007; Lucon-Xiccato & Dadda, 2014; Lueptow, 2017; May et al., 2016; Reger et al.,
2009). However, olfaction seems to be a primary sensory modality in otters that is used
throughout their daily lives (Mumm & Knörnschild, 2018). In fact, olfaction is said to be one of
the most frequently used senses in mustelids (Garvey et al., 2017). Since otters may frequently
use both vision and olfaction in their lives, it seemed best to use multimodal stimulus pairs in this
study to ensure that the otter can discriminate between the objects as well as encode multiple
cues during the familiarization trial. It would be unfortunate to find a lack of evidence of
memory simply because the otter could not discriminate between the stimulus pairs. Therefore,
multiple cues were provided in two (potentially three in cases where the otter chose to touch the
stimulus pairs) different sensory modalities to maximize potential discrimination. All aspects of
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the stimulus pairs, the objects and the odorants, were novel to the otter. Brand new objects that
the otter had never encountered were used for the visual component of the stimulus pairs. New
odorants were also purchased and were selected if it was scented as a food item the otter does not
eat (e.g., no meat scents were used) or if the otter was unlikely to have encountered it before
(e.g., artificial floral scents).
Multimodal stimuli can aid non-human animals in cognitive and memory tasks through
multisensory facilitation, which is the phenomena where organisms benefit from using multiple
senses to complete cognitive tasks (Creighton et al., 2018) For example, when dolphins were
trained with stimuli that only had a visual or echoic component, they reached a performance
accuracy of about 70% (Harley et al., 1996). When tested with multimodal stimuli that had both
visual and echoic components, accuracy immediately rose to 95%, showing that these senses can
be integrated to aid in object representation. Since object recognitive memory has never been
studied in otters, in the current study, multimodal stimulus pairs will be used to maximize
discrimination via multisensory facilitation. This study was not designed to determine the impact
that vision versus olfaction has on otter memory. Multimodal stimulus pairs were used simply to
ensure that the otter would be able to discriminate between the stimulus pairs in some way. The
multimodal stimulus pairs would hopefully allow the otter to make those discriminations and
possibly show evidence of memory. If a lack of evidence supporting long-term object
recognition memory in otters was found, it should be due to the otter not having that length of
memory capacity, not that the otter just could not discriminate between the stimuli. Future
research will be able to parse out the possible roles that unimodal stimuli that the otter senses
using solely vision or olfaction may play in object recognition memory in otters.
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It was hypothesized the otter would show equal evidence of object recognition memory
across all the memory intervals tested, since Saliveros et al. (2020) found evidence of long-term
memory within a foraging context of Asian short-clawed otters after memory intervals of over
100 days. It was also hypothesized the otter would show an overall preference for novel objects
based on information from the otter’s zookeeper that the otters prefer novel enrichment as well
as five out of seven studies finding a novelty preference using the NOR task in various nonhuman animals (Lucon-Xiccato & Dadda, 2014; Stöwe et al., 2006; Sutcliffe et al., 2007; Reger
et al., 2009; Gifford et al., 2007).
Method
Subject
The subject was one North American river otter who resided at the Seneca Park Zoo in
Rochester, NY, USA. Sailor was 14 years old at the start of the study and has resided at the zoo
since 2012. The second otter residing at the zoo is a female named Ashkii who was 5 years old at
the start of the study who has resided at the zoo since 2020. It was planned that both otters would
participate in the study, but after pilot testing it was determined that Ashkii could not tolerate the
experimental set-up where she had to be confined to a single enclosure. Therefore, the study
proceeded with Sailor as the single subject in this study. At his most recent veterinary exams it
was determined that Sailor did not have any abnormalities or diseases of the eyes or nose. Sailor
was considered elderly for otters (individuals older than 13 years; Yoxon & Yoxon, 2014) and
was on a prescription of arthritis medication due to some behavioral signs of the disease, but he
had a normal range of motion and was given a clean bill of health. Prior to the current study,
Sailor participated in three behavioral studies over the course of five years (2016-2021). The first
study Sailor participated in investigated shape and color discrimination (DeLong et al., 2019),
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the second focused on global and local processing (Pluck et al., 2019), and the third and most
recent study examined visual object categorization (Wegman & DeLong, 2020). All of these
previous studies used two-alternative forced-choice tasks with training, testing, and 2D objects as
stimuli. None of the stimuli from these studies were used in the current study.
Sailor’s daily diet was on a sliding scale based on his weight so it could fluctuate slightly.
At the beginning of the study, Sailor received 250 g of fish in the morning and 200 g of meat in
the afternoon. This diet was determined by the animal care staff at the Seneca Park Zoo. Sailor
was also sometimes fed various types of seafood (clams, cod, crab, crayfish, flounder, shrimps,
and/or scallops) as part of enrichment activities at the zoo. Sailor was fed 100% of his morning
meal of fish prior to all sessions in the current study. Sailor received his entire daily diet
regardless of performance during study sessions.
The otter’s habitat at the Seneca Park Zoo is divided into two separate areas, one for
public exhibition and an off-exhibit area. The public exhibition area (33.5 m x 18.3 m) is a
naturalistic habitat that contains a large upper pool (9.1 m x 2.4 m x 1.8 m) connected to a
waterfall that leads down into the lower pool (9.1 m x 4.6 m x 1.5 m). These pools are
surrounded by dirt banks that are covered in natural grasses and flowers, shrubbery, felled
conifer trees, and solid and hollowed-out logs. The habitat also contains various enrichment
devices both in the water and on the land including plastic tunnels, plastic rafts, buoys, and a
jellyfish float (a garbage can lid with mesh straps attached). There is a large observation window
that is split into three panes (central window = 3.5 m in length, side windows = 1.7 m each in
length) located at the upper pool where guests can view the otters both underwater and on the
land portion of the habitat. The off-exhibit habitat is outdoors and includes two separate cementbased areas completely enclosed with chain-link fencing and covered by a metal roof. Both
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enclosures are divided into three pens that are connected by gates that the keepers can lift to
move the otters to the various areas within the enclosures. The enclosures usually contained dens
(plastic dog houses) with blankets, hammocks, plastic slides, and small plastic pools, though
these were sometimes varied between the pens. Sailor and Ashkii were housed together with
access to three adjacent pens (one is 2 m x 1.6 m, another is 1 m x 1.5 m, and the third is
approximately 2 m x 1.5 m).
Materials
All sessions were filmed using a GoPro® Hero Silver 4 camera. The camera was mounted
onto the chain-link that surrounds the off-exhibit enclosure, at the back of the area, using a
plastic clip attachment that came with the camera (see Figures 2 and 3). The experimental area
was divided into three sections (see Figures 3 and 4) using a Sharpie™ silver metallic permanent
marker to aid in video coding. Sections 1 and 2 were 91.4 cm by 74.3 cm and Section 3 was
182.8 cm by 148.6 cm. Zip tie loops were attached to the stimulus pairs using Honyear™ black,
20 cm zip ties and then both the object and odorant were hung on the chain-link using a
Gabbro™ black aluminum D-shape carabiner clips that were 5 cm x 3 cm (see Figure 5). The
odorants were applied with a dropper onto a 4 cm x 2 cm strip of filter paper that was then put
into a Cornucopia™ mini plastic spice jar (5.3 cm x 4.6 cm) with 11 holes (0.3 cm diameter) on
the top. This method of presentation allowed for the odorant to be concentrated near the 3D
objects and ensured the otter was not able to easily distribute the odor around the enclosure
(Clark & King, 2008). Med Pride™ vinyl gloves made from latex free rubber were used when
handling all stimulus pairs so there were not any other odors contaminating the stimulus pairs.
To clean all stimulus pairs before they are placed in the enclosure, due to COVID-19
precautions, 70% isopropyl alcohol was used with a paper towel to wipe the stimulus pairs. This
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was left to dry for at least one minute and also helped to remove any possible odors (such as the
odor from my own hands, any scented soaps or perfumes on my hands, etc.), other than the
odorants.
Stimulus Pairs
There were two aspects to the stimulus pairs, a visual and an olfactory aspect. The otter
was able to view the 3D objects and smell the odorants.
Objects. The 3D objects included items as pet toys, hard plastic shapes, metal shapes,
PVC tubes, and metal water bottles (see Figure 6). Some objects were machined or constructed
(see Table 1). Other objects (the toys) were ordered from Petco®, PetSmart®, and Otto
Environmental™. These objects were chosen because they are durable (unlikely to be damaged
by the otters) and able to be cleaned off if Sailor were to soil them in any way during his
explorations, though this was never observed, as well as for COVID-19 protocols at the zoo. The
objects were of intermediate size (ranging from 7 cm to 37.5 cm in length, 4 cm to 27.5 cm in
width, and 1 cm to 16.5 cm in width) based on the size of the otter (see Table 1). None of the
objects were substantially smaller than the 3D and 2D objects used in DeLong and colleagues’
(2019) study where the otters could discriminate between the stimuli. All objects were approved
to be safe for the otters by the Seneca Park Zoo staff prior to use in this study, and the loops
made from zip-ties were to be no more than 2.5 cm so the otter could not get a paw stuck in it.
Odorants. Essential oils (from Cliganic™ and BeNatu™) and McCormick™ food
extracts were used such as jasmine, lavender, strawberry, and vanilla. Only scents that Sailor had
not been exposed to previously (as far as the experimenter and zoo-keepers knew) were included
(see Table 2 and Figure 7). All odorants were approved to be safe for the otters by the Seneca
Park Zoo staff prior to use in this study. Odorants known to be problematic for dogs and cats
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were avoided (e.g., anise, mint, and peppermint extract, and azalea, gardenia, honeysuckle,
lavender, lily, and ylang ylang essential oils). Sailor did not show any aversive reactions to the
selected odorants in the current study. Additionally, odorants (usually perfumes and colognes)
have been used at the zoo with the otters for enrichment purposes and the zookeeper provided
anecdotal evidence that the otters could discriminate between different odors, none of which
were used in the current study.
Stimulus Pairings. The pairings of 3D objects and odorants were created semirandomly. The objects that were paired together were approximately the same size, but differed
in color, shape, and material to maximize visual discriminability (see Figure 6). The side of the
enclosure that the novel stimulus pair was placed on for each session was also semi-randomized.
The novel stimulus pair must have appeared an equal number of times on the right as it did on
the left for each memory interval (see Table 3).
Experimental Setup
The experimental setup was in one of the pens in the off-exhibit habitat (the pen was 1.6
m x 2 m x 1.8 m). Guests did not have access to this area so the otter was less likely to be
distracted during the sessions in this area. The experimental area was located in the pen closest to
the on-exhibit area where no previous studies have taken place. The otters normally used this
section of their enclosure to sleep, so their dens with blankets and hay were kept in this enclosure
but were removed during prior to all of the sessions. This area of the enclosure was also used by
the otters to enter the gate that leads to the public exhibition habitat. There were three gates (76.2
cm x 30.5 cm) in this part of the enclosure, though only two were used regularly by the otters
(see Figures 2 and 3). One gate connected to a tunnel that the otters used to access the on-exhibit
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portion of their habitat. The other two gates lead to an adjacent pen, though only one was used
regularly as they both lead to the same area.
Procedure
Prior to each session (both familiarization and test trials), the otter was moved to the offexhibit pen farthest from the experimental area, and all items were removed from the
experimental area. The floor was then hosed down with water and drained to remove any debris
and/or odors that were present in the enclosure. Stimulus pairs were wiped with 70% isopropyl
alcohol, then the experimenter would connect the stimulus pair to carabiners and attach them to
the chain-link walls inside enclosure (35.6 cm up from the bottom of the mesh wall and 50.8 cm
over from the side corner of the mesh wall). Sailor had direct access to the stimulus pair in that
he could touch them if he wanted to since the stimuli were hanging inside the enclosure.
However, Sailor could not move the stimulus pairs around the enclosure as they were anchored
to the chain-link wall. The camera was then mounted near the ceiling onto the chain-link wall of
the enclosure so the entire experimental area was captured in the view. Once the stimulus pairs
and camera were in place the camera would begin recording and the door to the pen was closed
and locked. Gate 1 (see Figure 2) was then opened so Sailor was able to enter the experimental
area. Ashkii would remain out on-exhibit while Sailor was being tested and she was given an
enrichment item (such as small pieces of fish scattered throughout the naturalistic on-exhibit
enclosure or earthworms scattered in the large pool on exhibit) try to keep her from coming
through the tunnel and waiting next to the gate by Sailor. Once Sailor was in the experimental
area all three gates were closed and any person present left the area, exiting through and closing
a wooden door then standing on the opposite side of it so they were not in the otter’s view. Sailor
remained in the enclosure for the duration of the session and he was monitored via live video
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from the camera in his enclosure for any signs of distress, which he never displayed during the
study. Once the session was complete the keeper would open the gate again so the otter could
leave the experimental area. At this time, the camera stopped recording, the stimulus pairs and
camera were removed from the experimental area, and the stimulus pairs were cleaned again
with the 70% isopropyl alcohol spray. The enclosure was again hosed down with water in case
any of the odorants were still present. For 24-hour sessions, all items (e.g., dens, enrichment
devices) were placed back into the enclosure for the otters during the memory interval. During
the memory interval for the 1-hour and 10-minute sessions, the enclosure was still hosed down
but none of the items were placed back in the enclosure until the end of the test session. Sessions
were run on separate days to ensure there was no cross-contamination of different odorants used
for different trials.
Pilot Study
Four total pilot sessions were conducted before starting the experimental study. During
the first pilot session we decided on the final experimental setup including where the stimulus
pairs would hang from the chain-link wall, where the camera would be mounted, and where the
lines for video coding should be drawn. However, an entire session was not run through so a
second pilot session was needed. During the second pilot session we ran through the setup and
procedure for an entire session consisting of a familiarization trial, 10-minute memory interval,
and a test trial without any otters present. This went well, so we then tried letting both of the
otters into the experimental area, one at a time, to see if we could also run a pilot test with the
otters. However, when Ashkii entered the enclosure she was showing some signs of anxiety such
as pacing, climbing on the gate, and scratching at the door. One of the zookeepers was
particularly worried about keeping her in a confined space during the study and would not allow
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for all the doors to be closed while she was in the experimental area. Therefore, we could not
achieve a complete pilot test with Ashkii during the second session. Sailor also was unable to
complete a full pilot session due to time constraints, but he was not showing these signs of
anxiety as Ashkii was when in the enclosure.
A third pilot session was completed where we tried to run a full session with each otter.
The zookeepers did allow for all the doors to be closed during the third session while Ashkii was
in the experimental area, but within five minutes Ashkii was already beginning to show signs of
anxiety. She was only able to be in the experimental area with all doors closed for nine minutes
at which point the session was ended as Ashkii was showing severe signs of anxiety such as
constant digging by the door and climbing on top of the gates trying to get out of the enclosure.
We tried adding in a small pool to the experimental area as well as allowing her access to an
adjacent pen in the enclosure but this did not stop her from exhibiting dangerous anxious
behaviors. Ashkii was only able to complete five minutes in the test trial before again exhibiting
constant anxious behaviors and so the session was ended. It was determined that this study would
not be appropriate for Ashkii and she would not continue with it.
In comparison, Sailor did very well during this third pilot test where he did not show
signs of anxiety until about 22-25 minutes into the familiarization session. At that point he would
claw at the gate for more than a few seconds which was concerning as this could injure his paw
pads. It was decided to reduce the time in the familiarization trial from 30 minutes to 20 minutes.
Sailor was still showing some signs of anxiety and/or boredom during the test trial though, so a
small pool was also placed in the experimental area against the wall away from the stimulus pairs
in Section 3 (see Figure 3). With this addition, Sailor no longer showed signs of anxiety during
the test trial. A fourth pilot test was completed for Sailor where he would have a 20-minute
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familiarization trial as well as the pool in the experimental area during both the familiarization
and the test trial. The fourth and final pilot session conducted with these changes went very well
and it was determined that the experimental study could begin. The stimulus pairs used in the
pilot study were not used at any time in the experimental study. The objects consisted of those
currently in the lab and were both made of PVC, similar to some of the other PVC objects used
in the study but still had their own unique shape. The odorants consisted of raspberry and baby
powder essential oil. These odorants and objects were used for all of the pilot sessions.
Experimental Study
In this study, one session consisted of a familiarization trial, memory interval, and test
trial. A true habituation session was not conducted, where the otter would be exposed to the area
without any objects. It was not deemed necessary to do so since the otter already lived in the
experimental area, so he should have already been habituated to the area. The pilot study could
have also served as habituation sessions for the otter, though stimulus pairs were presented
during these sessions.
Familiarization Trial
The purpose of familiarization trial was for the otter to be exposed to a pair of identical
stimulus pairs for the first time. In the test trial, this became the familiar stimulus. The
familiarization trial lasted 20 minutes, and the entire trial was recorded with the video camera.
The otter entered the experimental area where two identical stimulus pairs (e.g., two green pet
toys as seen in Figure 4, with an odorant) were presented on each side of the enclosure. The
zookeeper then went to the right side of the enclosure and had Sailor target to the stimulus pair
twice where he had to touch the stimulus pair with his nose. Sailor was rewarded with a small
piece of fish given to him through the chain-link in the area away from the stimulus pair (Section
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3, see Figure 3). The zookeeper then went to the left side of the enclosure and repeated the same
process. This was done in order to give Sailor a reward for entering the enclosure and to
encourage him to approach the stimulus pairs. The explorations Sailor made with the stimulus
pairs while targeting were not included in later analyses as explorations with the stimulus pairs,
since he was given a command to touch the stimulus pair. Once the zookeeper finished this
targeting procedure they, and any other person still near the enclosure, left the area. After 20
minutes, the otter was moved from the experimental area (by opening the gate) to go into the
adjacent pens. The experimenter would then be able to enter the experimental area and remove
the stimulus pairs for the duration of the memory interval.
Memory Interval
The memory interval began as soon as the otter finished the familiarization trial by
exiting the experimental area. The exact time was noted as soon as the otter left the experimental
area and the gate was closed. Three memory intervals were tested in the current study which
were 10 minutes, 1 hour, and 24 hours. During the 10 minute and 1 hour memory intervals,
Sailor had access to the three adjacent areas in the off-exhibit enclosure, but he did not have
access to the experimental area nor the on-exhibit enclosure. This was done to ensure Sailor
would be ready to enter the experimental area the second that the memory interval ended. During
the 24 hour memory interval, Sailor had access to the entirety of the off-exhibit enclosure,
including the experimental area where all his dens and enrichment items were placed back
inside, as well as the on-exhibit enclosure. This was done because during a typical day the otters
are usually able to go in-between the on- and off-exhibit enclosures as they please, which is what
they prefer. The zoo also prefers for the otters to be on-exhibit as much as possible and not
locked in the off-exhibit enclosure for extended periods of time if possible.
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Test Trial
The test trials took place after the memory interval was completed. Near the end of the
memory interval, approximately during the last five minutes, the experimenter began prepping
the test stimulus pairs out of view of the otter. These consisted of one familiar stimulus pair
(from the familiarization trial, e.g., the PVC object and the McCormick pumpkin pie spice food
extract from block 1 session 1 [see Figure 6]) and one novel stimulus pair (e.g., the plastic
machined object and the magnolia essential oil from block 1 session 1 [see Figure 6]). The
experimenter placed the stimulus pairs in the enclosure no more than five minutes before the
otter was able to enter the experimental area when the memory interval was complete. The otter
then spent 15 minutes in the experimental area during the test trial. The entire trial was recorded
on the camera. After the trial ended, the otter was moved from the experimental area (by opening
a gate) and the stimulus pairs and camera were removed. At this time the session was complete.
Session Order
Sailor completed testing with all three memory intervals, with each memory interval
being tested ten times, meaning Sailor completed a total of 30 sessions (see Table 3). The
number of sessions was determined by a power analysis that indicated at an alpha of .05 and with
a moderate effect size, power of 0.7 would be achieved if at least 27 total sessions were
completed. Additionally, more than about 40 sessions was not feasible given the time frame of
the thesis period and the number of sessions per week we were allowed to run session with the
otter (usually no more than 4, though occasional exceptions were made to allow 5 sessions in one
week in order to complete some of the 24 hour sessions). To ensure there were not any order
effects, the intervals were semi-randomized. Simple randomization was not used as there was a
possibility the same memory interval could be completed many times in a row. Therefore, when
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randomizing the memory interval order, the sessions were divided into three blocks originally,
when it was still planned for Ashkii to participate. Each block contained of six sessions, with
each memory interval repeated twice per block (see Table 3). Each block was then randomized
individually. This allowed for a more equal distribution of the memory intervals throughout the
study, while still being able to semi-randomize the sessions. Blocks 4 and 5 were added after it
was determined that Ashkii would not participate in the study, and they repeated the order of
memory intervals for blocks 1 and 2, but with different stimulus pairs. Additionally, otters can
show seasonal effects in performance (e.g., DeLong et al., 2019), and data was collected during
the end of summer through late fall, (August through October 2021). DeLong et al. (2019) noted
that the otters tended to behave differently during hotter weather. The otter could have different
results in the summer compared to the late fall if he did not want to move around the enclosure
as much during the hotter summer weather. Therefore, it was important to try to have the three
memory intervals evenly distributed throughout these seasons so that a single memory interval
was not impacted by more or less by these potential seasonal differences in behavior.
Video Coding
Video coding was completed by three independent coders who were blind to the identity
of the stimulus pairs (whether they were novel or familiar) while coding. The experimenter
trained the coders using two familiarization session videos as examples, though the experimenter
did not serve as one of the three video coders. All of the test trials and the familiarization trials
were coded by a primary coder. There also were two secondary blind coders who were blind to
the identity of the stimulus pairs. The coders just referred to the stimulus pairs as right stimulus
pair and left stimulus pair when coding. Each secondary coder coded 50% of the data, one of
each memory interval within each test block (see Table 3), instead of 100% of the data like the
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primary coder. The secondary coders did not have access to the primary coder’s data. The two
secondary coders did have access to each other’s data, but they coded the opposite 50% of the
videos (e.g., they never coded the same video). Therefore, 100% of the videos were coded by
one of the secondary coders. The criterion for inter-rater reliability was set at 80% or higher
(Neuman et al., 1999). This was not met at first when the familiarization videos were coded, so
the instances where there were large discrepancies between coders (differences in timing greater
than 10 seconds, or any differences in the number of explorations) were highlighted. The
procedures for video coding were reviewed with all three coders in a re-training meeting with the
experimenter. The main coder and the reliability coder for that video then recoded that part of the
video.
There are two dependent variables that were coded in each video of test trials: (1) the
amount of time spent in each section of the enclosure, and (2) the number of explorations made
to each stimulus pair with the nose or paw on either the 3D object or the odorant bottle. Time
spent near each stimulus pair is almost always examined as the primary dependent variable in the
NOR task (e.g.., May et al., 2015; Gifford et al., 2006; Lucon-Xiccato & Dadda, 2014) and
number of touches (explorations) has been used as a secondary dependent variable (Reger et al.,
2009). To code the amount of time spent on each side of the enclosure, there were visible lines
on the floor separating the areas close to each stimulus pair from the area not in close proximity
to the stimulus pairs in the back of the enclosure (see Figure 3). The video was watched in its
entirety twice, once to code the time spent close to the right stimulus pair, and once to code the
time spent close to the left stimulus pair. During the first time watching the video, the coder kept
a tally of the number of explorations to both stimulus pairs. This was repeated the second time
watching the video to ensure the correct number of explorations was coded. If necessary, it was
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permitted for the coders to watch the video for a third time, skipping to a certain section of the
video where there was a potential exploration. This was done on occasion because it was
sometimes difficult to determine if the otter was close enough to the stimulus pair (within a few
centimeters) to count as an exploration.
To code the time spent with a stimulus pair, when the otter’s entire body crossed one of
the lines (both his front and back legs, but not his tail), the coder would start a stopwatch. As
soon as the otter’s head and front paws touched the line again as he was heading to the opposite
side, or the back of the enclosure, the coder would pause the stopwatch. Sections 1 and 2 were
coded separately and Section 3 was not coded as it was not necessary for any of the planned
analyses. In the familiarization trials, the amount of time spent in sections 1 and 2 was coded in
5-minute increments (see Figure 3). The average amount of time spent near the stimulus pairs
and number of explorations was compared across each 5-minute increment during the
familiarization trial. Lucon-Xiccato and Dadda (2014) only coded the first 5-minutes of their test
trials after they found a decrease in time spent close to the stimulus after the first 5-minutes in
the familiarization trials, a similar pattern was found in the current study. After the first five
minutes in the familiarization sessions, Sailor spent very little time with the stimulus pair on the
right and hardly made any explorations either (see Figures 8 and 9). Therefore, when coding the
test videos only the first 5-minutes were coded and included in the analyses.
To code the explorations, the coder kept a tally of the number of times the otter touched
each stimulus pair while they were coding the time spent on each side. The video was coded for
the number of explorations in one complete sitting. It was sometimes difficult to determine in the
video if the otter made direct contact with the stimulus, or if he was just very close to the
stimulus (within a few centimeters) but not actually touching it. Therefore, an exploration was
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defined as the otter’s nose being within a few centimeters from the stimulus. Sailor has been
previously trained to touch stimuli with his nose, so whenever any touches were made to the
stimuli he used his nose, not his paws. This is why his nose was specified in the definition of an
exploration for the purpose of the current study. Additionally, during video coding none of the
coders ever saw Sailor touch the stimulus pairs with his paws.
Data Analyses
Statistical analyses were performed using SPSS Statistics for Mac, version 28 (SPSS
Corp., Armonk, N.Y., USA). All of the data was checked manually to ensure no data entry errors
were made. There was no missing data since all sessions were completed in full. Since this was a
single subject design, determining the normality of the familiarization and test data was
important for choosing a statistical method. Normality of the familiarization data was assessed
using a Shapiro-Wilk test and showed that the overall time spent near the two stimulus pairs did
depart significantly from the normality (W = .95, p = .004). The Normal Q-Q plot and histogram
(see Figure 10) were examined to further assess normality. The Q-Q plot provided evidence of
normality, but the histogram seemed to show that the data was of more uniform distribution.
Finally, the skewness was 0.27 (values between -1 and 1 are generally considered excellent and
indicate the shape of the data are fairly normal, while values between -2 and 2 are generally
acceptable; George & Mallery, 2020), indicating that the distribution was approximately
symmetric, and the kurtosis was -1.12, indicating the distribution was more heavy-tailed
compared to the normal distribution (the general rules for interpreting kurtosis follow the same
as for skewness; George & Mallery, 2020). It was decided to use paired-samples t-tests to
analyze the familiarization data. This was after considering that the familiarization data was only
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going to be used to determine the amount of time to code the test videos, not to directly form any
conclusions regarding memory, and that there was some evidence of normality.
Multiple paired-samples t-tests were used to analyze the familiarization sessions to
determine the length of time test videos should be coded. Therefore, a Bonferroni correction was
done to ensure alpha stayed at .05. Seven total t-tests were completed therefore, the corrected
alpha was .007. One paired-samples t-test was completed to compare the overall average time in
section 1 (near the left stimulus pair) to sections 2 (area near the right stimulus pair). The
remaining six paired-samples t-tests compared each of the four 5-minute intervals to each other
using the proportion of time spent in section 2 (see Figure 3) versus time spent outside of that
section. Only the time spent in section 2, not also section 1, was used due to the otter’s side bias.
Normality of the test data was assessed using a Shapiro-Wilk test and showed that the
dependent variable of overall time spent near each stimulus pair did not depart significantly from
normality (W = 0.97, p = .54). A second Shapiro-Wilk test was performed and showed that the
distribution of the dependent variable of overall explorations did significantly depart from
normality (W = 0.92, p = .02). The Normal Q-Q plot and histogram (see Figures 11 and 12) were
examined to further assess the normality of both variables. These plots for both overall time and
explorations provided evidence that both variables were normally distributed. Finally, the
skewness of the overall times was -0.49, indicating that the distribution was approximately
symmetric, and the kurtosis was -0.02, indicating the distribution was less heavy-tailed compared
to the normal distribution. The skewness of the overall explorations was 0.38, indicating that the
distribution was approximately symmetric, and the kurtosis was 0.72, indicating the distribution
was less heavy-tailed compared to the normal distribution. Based on the preponderance of
evidence, it was decided that the data for both the overall time and explorations approximated the
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normal distribution closely enough to proceed in using paired-samples t-tests in the analyses of
test sessions instead of nonparametric tests. Additionally, much of the previous research with the
NOR task used t-tests in at least some parts of their data analyses for memory (e.g., May et al.,
2016; Lucon-Xiccato and Dadda, 2014; Reger et al., 2009; Sutcliffe et al., 2007).
Multiple paired-samples t-tests were used to assess for evidence of memory and side bias
in the test sessions, so again a Bonferroni correction was done to ensure alpha stayed at .05.
There were five t-tests completed for each dependent variable (including one for each of the
three memory intervals, one for overall across all intervals, and one testing for the side bias), so
the corrected alpha was .01. For each memory interval, the data was pooled (e.g., there were ten
24-hour memory interval sessions that were pooled together) for time spent with the familiar
stimulus pair and novel stimulus pair. This was done to see if there was a significant difference
in either the amount or time spent with, or number of explorations with the novel versus familiar
stimulus pairs. The time spent with the familiar versus the novel stimulus pair in each of the
three memory intervals were compared across three paired-samples t-tests. Additionally, all the
all the times in all the memory intervals were pooled together and then a fourth paired-samples ttest was conducted to assess overall memory. This was all repeated for the dependent variable of
explorations. If the otter spent significantly more time or made significantly more explorations
with either the familiar or the novel stimulus pair, this would show evidence of object
recognition memory.
To check for side biases in the test sessions, two total paired-samples t-tests (accounted
for in the Bonferroni correction) were conducted for the dependent measures of overall time
spent with each stimulus pair and overall explorations. A side bias occurs when the otter spends
significantly more time or explorations with the stimulus pair on one side consistently over the
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other, simply based on the side of the enclosure, not based on the stimulus pairs themselves. A
side bias would not indicate object preference, just a side preference without regard for the
stimulus pair. The amount of time spent on the right and left sides was compared. If a significant
difference is found consistently for the same side (either right or left) this would indicate a side
bias.
Exploration and discrimination of the stimulus pairs was assessed using formulas created
by May et al. (2016) (see Table 4). Exploration in the familiarization trials (EF) was to be used to
determine how long data should be coded in the test trials. Discrimination (D1) was calculated
for each of the three memory intervals to determine if the otter explored one object significantly
more than the other. D1 was compared to a theoretical mean of 0 in a three total unpaired twosample t-test, as done by May et al. (2016). A Bonferroni correction was done and the corrected
alpha was .02. A significant difference from the theoretical means would indicate a preference
for either the novel or the familiar object in the test phase. A positive value for D1 would
indicate a preference for the familiar stimulus pair, while a negative value would indicate a
preference for the novel stimulus pair (see Table 5).
A Pearson correlation was computed to check the inter-rater reliability between the three
independent coders, comparing both of the secondary coders together to the primary coder. For
the familiarization sessions, a value of .8 or higher was acceptable and met. Initially, the criterion
was not met so the three coders individually reviewed their training and recoded some of the
familiarization sessions. For the time spent with the right or left stimulus pair, if there was a
discrepancy greater than 10 seconds between the primary coder and one of the secondary coders,
both coders recoded that session. For the explorations, if there was a discrepancy greater than 1
(usually where one coder said there was one exploration and the other coder said there were zero
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explorations) between the coders, both the main coder and secondary coder recoded that session.
Once the recoding was complete, the criterion was met. Pearson correlations coefficients were
between .84 and .97 (time on the left, r(71) = .93; time on the right, r(71) = .84; explorations on
the left, r(71) = .89; explorations on the right, r(71) = .97). For the test sessions, a value of .8 or
higher was acceptable and met. Only minor recoding was necessary for the test sessions (16.67%
of the test sessions were recoded). There were three sessions where the time spent close to the
right stimulus pair was recoded, and two sessions where the number of explorations with the
right stimulus pair was recoded. The same recoding procedures were used for test sessions as
was for familiarization sessions. Pearson correlation coefficients were between .93 and .99 (time
on the left, r(29) = .98; time on the right, r(29) = .99; explorations on the left, r(29) = .94;
explorations on the right, r(29) = .93).
Results
Familiarization Sessions
The 20-minute familiarization sessions were recorded and coded to determine the amount
of time (either the first 5 minutes, first 10 minutes, or the entire 15 minutes) that should be coded
in the 15-minute test sessions, similar to Lucon-Xiccato and Dadda (2014). The familiarization
exploration index, EF (May et al., 2016), was calculated to be 46.1 seconds. Both the time spent
with the left and right stimulus pairs and the explorations with the left and right stimulus pairs
were compared (see Figure 8 and 9). A significant side bias was found for the dependent variable
of time, with the otter spending significantly more time with the left stimulus pair than the right
stimulus pair (t(71) = 12.82, p < .001). The otter often spent time sitting by the door that was on
the left side of the enclosure, which was coded as time spent in section 1 of the enclosure. It was
difficult to reliably determine when the otter was in section 1 to explore the stimulus pair versus
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when he was just sitting at the door. Since EF added the time in section 1 and 2 together, it was
not valuable to use EF to determine how long data should be coded in the test sessions, as was
planned. When assessing if there was a difference among the four different 5-minute time
intervals, only the time spent in section 2 (the right side of the enclosure) was used in the
analyses (time in section 1 on the left was not analyzed). Paired sample t-tests showed that the
first 5-minute period of the familiarization sessions (right side only) differed significantly from
the second (t(17) = 3.50, p = .001), third (t(17) = 3.62, p = .001), and fourth (t(17) = 3.01, p =
.004) 5-minute periods. The second, third, and fourth, 5-minute periods did not significantly
differ from each other (all p-values ≥ .19).
When examining Figure 9 we can clearly see a similar pattern for both the left and right
stimulus pairs where the otter had the majority of his explorations with the stimulus pairs during
the first five minutes. In fact, the otter only made explorations with the right stimulus pair during
the first five minutes. Figure 9 gives a clearer picture of what the otter was doing at different
time intervals during the familiarization session as this dependent variable was not as influenced
by the otter sitting at the door. Based on the combined evidence from these findings of both
dependent variables, video coding and thus analyses were restricted to the first five minutes of
the test sessions.
Test Sessions
Side Bias
There was a significant difference in the time spent on the left side of the enclosure
versus the right side of the enclosure, with the otter spending significantly more time on the left
(t(29) = 6.43, p < .001; see Figure 13A). A second paired-samples t-test was run to determine if
the otter showed a side bias with his explorations of the stimulus pairs as well. No significant
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difference was found between the number of explorations on the left versus on the right (t(29) =
0.34, p = .74; see Figure 13B).
Time with Stimulus Pairs
There was no difference in the overall time spent with the familiar versus novel stimulus
pairs averaged across all three memory intervals (t(29) = -1.02, p = .32; see Figure 14). Each of
the three memory intervals (10 minutes, 1 hour, and 24 hours) were analyzed separately to
determine if the otter showed evidence of memory at each interval. There was no difference
between the average time spent with the familiar stimulus pair versus average time with the
novel stimulus pair in any of the time intervals (10 minutes: t(9) = -0.75, p = .47; 1 hour: t(9) = 0.54, p = .60; 24 hours: t(9) = -0.40, p = 0.70; see Figure 14). The test exploration index, ET
(May et al., 2016), was calculated to be 46.5 seconds. This meant that Sailor spent 15% of his
time, on average, with the stimulus pairs during test sessions. Discrimination indices (May et al.,
2016) were calculated for each of the three memory intervals by subtracting the time spent with
the novel stimulus pair from the time spent with the familiar stimulus pair (10 minutes, D1 =
13.5; 1 hour, D1 = 10.5; 24 hours, D1 = 4.57). For each memory interval D1 was compared to a
theoretical mean of 0 with an unpaired two-sample t-test, as done by May et al., (2016). No
significant differences were found for any of the memory intervals (10 minutes, t(9) = 0.75, p =
.47; 1 hour, t(9) = 0.54, p = .60; 24 hours, t(9) = 0.40, p = .70).
Stimulus Pair Exploration
There was no difference in the number of overall explorations with the familiar versus
novel stimulus pairs across all memory intervals (t(29) = 1.39, p = .17; see Figure 15). Each of
the three memory intervals (10 minutes, 1 hour, and 24 hours) were analyzed separately to
determine if the otter showed evidence of memory at any of the different intervals. There were
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no differences between the number of explorations with the familiar stimulus pair versus with the
novel stimulus pair (10 minutes: t(9) = -0.26, p = .80; 1 hour: t(9) = 1.96, p = .08; 24 hours: t(9)
= 1.00, p = .34; see Figure 15).
Session by Session Analysis. A session by session analysis was done for the dependent
variable of explorations since the otter was not side-biased for this variable like he was the
dependent variable of time spent with the stimulus pairs (see Table 5). This analysis was done to
determine if there were any patterns in the objects, odorants, time of day, the zookeeper working
with the otter, the weather etc. that could account for differences in explorations. First, the test
sessions in which the otter engaged in a higher than average number of explorations of the
stimulus pairs were examined. All of the sessions where there was a higher than average number
of explorations to a single stimulus pair occurred within the first two blocks of testing. In
addition, the greater number of explorations were with the novel stimulus pair, except for session
9 where the explorations were with the familiar stimulus pair. Session 1 had the highest number
of total explorations (7 total explorations), with four explorations of the novel stimulus pair and
three explorations of the familiar stimulus pair. Session 6 had the second highest number of total
explorations, as well as the greatest spread of explorations with three explorations of the novel
stimulus pair and zero explorations of the familiar stimulus pair. Sessions 5, 9, and 12 also had
some of the larger spreads of explorations, each with a spread of 2. We examined the stimulus
pairs (e.g., color and shape of the objects, food odorant versus odorants from nature, such as
floral scents) that were used in these sessions but could not find any pattern that would explain
why the otter seemed more interested in exploring these stimulus pairs compared to other
sessions. For all of these sessions, the weather was relatively hot (21-31° C) and either mostly or
partly cloudy. It is possible that these weather conditions could have motivated Sailor to explore
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the stimulus pairs more compared to colder or sunnier days. It did not appear that the zookeeper
who was working that day of testing impacted Sailor’s explorations. Each of the three
zookeepers that helped run the majority of sessions in this study (there was a fourth zookeeper
who very occasionally helped run some sessions) ran at least one of these five sessions with a
higher number of explorations.
Test sessions where there were zero total explorations across both novel and familiar
stimulus pairs, perhaps indicating a lack of interest or motivation to exploration any stimulus
pairs, were also examined. There were 11 total sessions where this occurred. Blocks 1-3 had an
equal number of sessions where Sailor made no explorations (two sessions each), block 4 had the
greatest number of sessions with no explorations (four sessions), and block 5 had the fewest
sessions with no explorations (one). Thus, sessions with zero explorations were evenly spread
between the first part of the test (six sessions in blocks 1-3) and the last part (five sessions in
blocks 4-5). Within these sessions certain colors of objects seemed to be prevalent, but not any
certain types of odorants. Five of the seven green objects were presented in these sessions where
Sailor made no explorations, as well as three of the four purple objects and two of the three pink
objects.
Discussion
There was no evidence for memory retention in the otter for any of the three memory
intervals (10 minutes, 1 hour, and 24 hours). Sailor did not explore the familiar stimulus pair
significantly longer than the novel object pair, or vice versa. Sailor spent significantly more time
on the left side of the enclosure, regardless of the location of the familiar or novel stimulus pair,
which may be why no evidence of memory was found using time as a dependent variable. Sailor
only spent about 15% of his time near both stimulus pairs, showing very little engagement in the
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task. Also, there were not many explorations overall, with Sailor often only making 1-3
explorations with either stimulus pair per session. Additionally, in over one third of the sessions
(11 of the 30) Sailor did not explore either stimulus pair at all.
These results are not in line with previous studies that used the NOR task to show
evidence of memory in many other animals. For example, Gifford and colleagues (2007) used
the NOR task to show evidence of memory in pigs for both a three hour and five-day memory
interval. Joubert and Vouclair (1986) used a modified NOR task and also found evidence of
object recognition memory after approximately 24-hours in Guinea baboons. Menzel and Menzel
(1979) used a modified NOR task and also found evidence of memory for a 24-hour memory
interval in marmosets. The NOR task has also been successful utilized for studying memory in
non-mammalian species including birds (e.g., Damphousse et al., 2021) and fish (e.g., Braida et
al., 2014; Lucon-Xiccato & Dadda, 2014; May et al., 2016; Miletto Petrazzini et al., 2012).
Therefore, the NOR task appeared to be a reasonable task to assess long-term object recognition
memory in the North American river otter. It is possible that our results suggest that North
American river otters do not retain long-term memories. It is also possible that otters may not
retain long-term memories for objects and odorants that are not ecologically valid, since this
study used human-made objects and artificial odorants. In comparison, Saliveros and colleagues
(2020) used a task with more ecologically relevant puzzle feeders since they were baited with
food, and found evidence of long-term memory in otters. However, it is also likely that there
were other issues within the study that led to the null results for memory.
It seemed that the NOR task did not work well for the otter in the current study. Sailor
spent an average of 15% of his overall time with both of the stimulus pairs during the first five
minutes of the test sessions. This means Sailor spent most of his time in Section 3 of the
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enclosure (see Figure 3), not in Sections 1 or 2 that were near the stimulus pairs. Sailor was
physically able to move around the enclosure as he pleased, and in Section 3 often spent much of
his time swimming in the small pool that was present. Therefore, Sailor could move if he was
motivated or engaged enough. In fact, Sailor participated in a previous study (DeLong et al.,
2019) where he was motivated and engaged in a two-alternative forced-choice task. This
previous experience with a different type of task may have impacted Sailor’s behavior in the
NOR task. In the two-alternative forced-choice task, Sailor would approach two stimuli, rear up
onto his back legs, and touch one stimulus with his nose or paw. It was thought that because
Sailor was accustomed to touching stimuli in this previous study he may have done so in the
current study. However, in DeLong and colleagues’ (2019) study, Sailor received a food reward
each time he made a correct choice by touching a certain stimulus. In the current study with the
NOR task Sailor was only provided a food reward for entering the enclosure during test sessions,
and for targeting to the stimulus pairs in the beginning of familiarization sessions. This was done
to encourage Sailor to enter the enclosure promptly but we did not want to bias Sailor, especially
during test sessions, by feeding him for making his own explorations of the stimulus pairs. The
majority of Sailor’s explorations occurred during the first two blocks of the study. Therefore, it is
possible that Sailor may have eventually realized he was not going to receive food for touching
stimuli (after the beginning a familiarization sessions), like he did in the previous study (DeLong
et al., 2019). Sailor’s behavior of touching stimuli could have eventually extinguished. Due to
Sailor’s previous experiences of obtaining a food reward for touching stimuli, he may have not
made many explorations in the current study because he did not get a food reward for doing so.
The food reward in the previous study was Sailor’s external motivation for touching stimuli, but
during the current study he would have had only his internal motivation to touch stimuli
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throughout the sessions. It is possible that a different otter without this past experience may be
more internally motivated to make explorations and touch stimuli in the NOR task.
Sailor also may have not made many explorations with the stimulus pairs in the current
study because he may not have been able to discriminate between some of the stimulus pairs.
Throughout the study there were approximately one-third (11/30) of sessions where Sailor made
zero explorations with the stimulus pairs. Although all the objects were chosen for maximum
discriminability based on size, shape, and color, some of the objects may not have been as easily
discriminable for an otter (DeLong et al., 2019; Slack, 1966). However, in a previous study that
Sailor participated in (DeLong et al., 2019) he was able to discriminate between two-dimensional
stimuli when he had both shape and color as a cue. In that same study, another otter was able to
further discriminate between stimuli using either shape or color as a cue alone when the other
cue was removed. Therefore, it seems that North American river otters can discriminate between
stimuli using shape and color as cues. Such cues were present with the three-dimensional objects
used in the current study. However, it is likely that river otters have dichromatic vision where
they only have two cone types responsible for color vision, in comparison to humans who have
three cone types (DeLong et al., 2019; Levenson et al., 2006; Peichl, et al., 2001; Svoke et al.,
2014). Therefore, Sailor may not have interacted with the stimulus pairs because he couldn’t tell
the difference between some of them based on color. For example, to a dichromat blue and
purple may look similar, and there was one instance where a blue and purple object were used in
the same test session that resulted in Sailor making zero explorations. However, such pairings
were attempted to be avoided and if they were paired together, we tried to make sure the shapes
were very different. While we have some doubts about the objects, but there is reason to believe
based on prior research that most of the objects in the stimulus pairs were discriminable.
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However, because we do not have conclusive research for color vision in North American river
otters we cannot know for sure.
We also do not know if the odorants were discriminable or even detectable by the otter in
the current study. However, when designing the current study there was very little published
research on olfaction in otters. We did not have any knowledge about odor detection and
discrimination abilities in otters based on any psychophysical studies. The literature focused on
otter olfaction for identifying scents of other animals (Mumm & Knörnschild, 2018; Rostain et
al., 2004), not artificial scents like the essential oils and food extracts used in this study. Due to
the large number of sessions (30) and thus the need for at least 60 unique odorants, it was not
feasible to use scents of other animals for this study. Therefore, it is possible that Sailor may not
have been able to discriminate between the some of odorants used in this study. This is why
multi-modal stimuli were used to create stimulus pairs in hopes of maximizing discriminability
via multisensory facilitation. Ideally, this NOR task with multi-modal stimulus pairs should be
replicated after there is more knowledge about odor detection and discrimination in otters.
It may have also been possible that Sailor could not discriminate between the stimuli
because the familiarization session time needed to be reduced from 30 minutes to 20 minutes.
This was determined during pilot testing because after about 22-25 minutes Sailor would often
begin engaging in behaviors that indicated boredom or anxiousness. Shorter familiarization
sessions have been found to be problematic in previous NOR task research (e.g., Gifford et al.,
2007; May et al., 2016). In this previous research, when 10-minute familiarization sessions were
used they either found no evidence of memory (Gifford et al., 2007) or evidence of memory only
at very short memory intervals (May et al., 2016). Therefore, in the current study, it is possible
that the 20-minute familiarization session could have impacted Sailor’s ability to discriminate
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between stimuli if he could not remember them. Other studies have successfully used 25-minute
(Lucon-Xiccato & Dadda, 2014) or 30-minute familiarization sessions (e.g., (DeLong et al.,
2021; Miletto Petrazzini et al., 2012). The 20-minute familiarization session used in the current
study was 10 minutes longer than familiarization sessions which have been problematic. It was
also still 5-10 minutes less than other studies with familiarization trials that led to showing
evidence of memory. Therefore, if future research were to use the NOR task again with otters, a
familiarization session longer than 20 minutes should be used, if possible.
One of the biggest limitations in the current study was the experimental set-up location.
This research was conducted at a zoo where all facilities were already in place. There were three
off-exhibit pens, however the other two could not be used for the current study. In one of the
enclosures it was not possible to position the camera so that the entire enclosure could be seen.
There was also a wooden bench on one side of this enclosure that would have made it more
difficult for the otter to access one of the stimulus pairs than the other. The second enclosure was
quite small and was used for the previous study on visual object categorization (C. DeLong,
unpublished data) that ended just over two weeks before the current study began. We did not
want to confuse the otter with transitions between the two studies, therefore we were left with the
third enclosure. It was necessary for the otter to be in a confined space so he would stay with the
stimulus pairs, making it necessary to use the off-exhibit area of the enclosure, not the
naturalistic exhibit that guests view at the zoo. The major issue with the area we used in this
study was there was a single gate on the left side of the enclosure near where the left stimulus
pair would be placed, and just a wall by the right stimulus pair (see Figures 2 and 3). The otter
used this gate multiple times per day to access the naturalistic exhibit. During the day he was
used to that gate being left open so he could go between the on-exhibit and the off-exhibit
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enclosures as he pleased. In our experimental setup though, this gate remained closed during a
trial. This resulted in Sailor sitting over by the gate for extended periods of time, likely because
he wanted to leave the enclosure of his own accord as he typically would be able to. However,
because this gate was on the left side near the left stimulus pair, this time Sailor sat by the door
was coded as part of the time near the stimulus pair. We were unaware when planning this study
that Sailor would sit by the gate as much as he did, as it did not occur frequently during pilot
sessions. Additionally, it was too difficult to reliably make a distinction between Sailor changing
from investigating the stimulus pair to just sitting at the gate. This was because details such as
Sailor’s gaze direction could not be clearly seen in the videos. This resulted in a significant side
bias for the dependent variable of time spent near each stimulus pair, which meant it was not
possible to accurately assess memory abilities. On the opposite side of the enclosure in Section 3
there were two gates, one on the right and one on the left (see Figures 2 and 3). We could have
turned the set-up around within the enclosure so that sections 1 and 2 were in section 3 instead
(see Figure 3). However, we likely would have encountered the same issue of Sailor sitting at the
left gate though since the otter exclusively used the two left gates. The gate on the right within
the experimental setup (gate 2, see Figure 2) was almost never used by the otter. Meanwhile
gates 1 and 3 (see Figure 2) were used multiple times per day by the otter. Therefore, Sailor
likely would have still sat on one side of the enclosure near one of the gates no matter which
orientation was chosen for the experimental setup. In the future, an ideal setup would either be
large enough where the gate in/out is not within the experimental area, or at least two gates that
were used equally would be on both sides of the experimental area near the stimuli. When using
the NOR task it is important to have the experimental area remain as the same across sessions
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and distraction-free. This way the stimuli would be the only aspect of the experiment that would
draw the animal’s attention.
Another aspect of the experimental setup that may have drawn Sailor’s attention away
from the stimulus pairs was the pool in section 3 (see Figure 3). All the usual items (a plastic
doghouse, a hammock, blankets, enrichment toys, etc.) were removed from the experimental area
before a trial began. This was necessary for the NOR task because the environment has to be
consistent for each session, and especially for each trial within a single session. However, this
also likely made the area much less engaging for Sailor than what he was used to, even with the
stimulus pairs present. This was evident in the pilot tests that were conducted before the study
began where the zookeepers thought Sailor was showing some behaviors indicating anxiety
(pacing near the gates, clawing at the door) after being in the experimental area for too long
(more than 20 minutes). This was of concern to the zookeepers, so a small pool was placed in the
enclosure in section 3 in attempt to reduce these anxious behaviors. Adding the pool did
successfully reduce the presence of anxious behaviors to the point where almost none were
observed. The pool was necessary for the physical and mental health of the otter, but it seemed
that the pool was more engaging for Sailor than the stimulus pairs.
Having a single subject was another limitation in this study. There was a second otter (a
5- year-old female, Ashkii) residing at the zoo, and it was planned for that otter to also
participate in the current study. This otter participated in a previous study on visual object
categorization (C. DeLong, unpublished data) similar to DeLong et al., (2019) study where a
two-alternative forced-choice task was used. Ashkii was quite motivated in the previous study
that involved training. We thought she would also be able to participate in the current study even
though there was no training involved with the NOR task. However, during the pilot test of the
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current study, the zookeepers decided that it would not be possible for Ashkii to participate.
Unlike Sailor, this second otter was not used to being alone and confined to an enclosure for
more than a few minutes. She showed signs of stress and exhibited more anxious behaviors than
Sailor did (scratching at and climbing on top of the gate, compared to behaviors like pacing that
were of less immediate concern) after only a few minutes inside the experimental area.
Therefore, it was necessary that this otter was excluded from the study, leaving us with only one
otter subject.
The one otter that did participate in the current study was both a male and elderly (otters
older than 13 years are elderly; Yoxon & Yoxon, 2014). These factors could have impacted our
results, such as by affecting his sensory systems, memory, motivation, physical abilities, etc. In
otters, some studies have reported sex differences in cognitive studies (Frick et al., 2016; Slack,
1966) while others have not found such differences (Perdue et al., 2013). One cognitive study on
three otter species found an age difference where younger otters were more neophilic (Gormley,
2015). However, it cannot be determined if sex or age played a role in the current study since
Sailor was our only subject. There was not any evidence that Sailor had issues seeing or
smelling, and we did ensure that the stimulus pairs were easily accessible for Sailor.
Additionally, Sailor was successfully visually categorizing two-dimensional objects just over
two weeks prior to the current study (C. DeLong, unpublished data). Stimulus pairs were hung
approximately the same height as in DeLong et al. (2019) did, a study in which Sailor
participated in and where he had to touch the stimuli. In the current study he just had to walk
close to where the stimulus pair was hanging and stretch/rear up for his nose to reach the
stimulus pairs. He could also step up onto a concrete edge in the enclosure to easily touch the
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stimulus pairs as well (see Figure 5). Therefore, if Sailor was motivated to, it seems he could
have easily made explorations to the stimulus pairs.
Due to Sailor being the single otter subject in the study, his own consistent individual
differences could have impacted this study. This is known as animal personality (Skinner &
Miller, 2020). For example, curiosity could have impacted Sailor’s behavior in the current study.
Curiosity has been defined as “the motivation towards acquisition of novel information”
(Christensen et al., 2021). This can be determined by an animal’s exploration of novel stimuli
when there is no immediate reward, as was the case in the current study. Based on the findings of
Sailor’s few explorations of the stimulus pairs, it seems that his curiosity was low in this study,
and perhaps overall. Boldness is another factor that is often studied when investigating animal
personality (Skinner & Miller, 2020). Boldness is characterized by animals that are more active,
take more risks, and learn more quickly (Sneddon, 2003). It is often measured by how much the
animal is out exploring their environment. During this study, Sailor spent most of his time in the
pool that was in the enclosure and not much time with the stimulus pairs. Sailor only spent about
15% of his time during the test trials near the stimulus pairs. This is in comparison to another
study that used the NOR task with non-laboratory mammals, pigs, where they spent over 25% of
their time during test trials touching the stimuli (Gifford et al., 2007). Therefore, Sailor’s
boldness seemed to be low in this study and may be low overall as well. Sailor’s personality
could have impacted his engagement with the stimulus pairs. If part of Sailor’s personality
includes low curiosity and boldness, this would mean he is the type of otter to not engage much
with stimuli or his environment in general. If a different otter was tested, we may have found
very different results if they had a different personality. Having multiple subjects participate in a
study could help with this issue since there would likely be a range of personality types.
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Single subject designs are not uncommon in comparative cognition research considering
such a design is sometimes necessary. In some cases, there may only be a single subject available
to study. For North American river otters specifically, there are often only a few animals housed
together. North American river otters generally do not live in large familial groups like other
species of otters, such as Asian small-clawed otters (Kruuk, 2006). Other times extensive
training may be required for an animal and due to time constraints, only one animal may be able
to be trained (in the current study no training was involved). Due to these types of constraints,
studies using a single subject (case studies) are fairly frequent in the marine mammal literature
(e.g., DeLong et al., 2020; Harley et al., 1996; Kilian et al., 2005; Lewandowski, 2015; Perisho
et al., 2016). In the current study we also did attempt to compensate for having a single subject
by conducting 30 sessions with the otter. Smith and Little (2018) discuss this aspect of low n
designs as beneficial, as the individual becomes a replication unit when large samples of data are
collected from individuals. Since there was just a single otter in this study, Smith and Little
(2018) would equate this to running a single study with 30 different otters that all completed one
session (like is often the case in many psychology studies on humans). However, the results of
the current study should still be interpreted with caution. While this study may generalize very
well within this context to the single otter that was studied, it cannot be generalized to North
American river otters as a species. Future research should still investigate memory in North
American river otters in many more studies with more otter subjects.
It is worth pursuing more research on memory because otters could potentially use
memory to locate prey, avoid predators, choose mates or conspecifics to cooperate with, and
select an appropriate habitat. Male North American river otters have larger home ranges
compared to females, and they also live in larger more social groups than females do (Kruuk,
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2006). North American river otters also have a varied carnivorous diet consisting of mostly fish,
but also crustaceans, insects, small amphibians, birds, mammals, and reptiles (Fretueg et al.,
2015; Guertin et al., 2009; Larsen et al., 1984; Penland & Black, 2009; Reid et al., 1994;
Scordino et al., 2016; Toweill, 1974). They also have a wide variety of predators, depending on
their location, including alligators, coyotes, bobcats, wolves, killer whales, and sea lions
(Crimmins et al., 2009; Kruuk, 2006). With such a complex world, it would be beneficial for
otters to remember these types of crucial information long-term. There is some evidence of
memory in otters, though it is limited to Asian short-clawed otters. Perdue and colleagues (2013)
found evidence of spatial memory in Asian short-clawed otters using a radial arm maze baited
with fish. Saliveros et al. (2020) found evidence of spatial and long-term memory in Asian shortclawed otters using novel extractive foraging tasks. Although there was not evidence of memory
in the current study, based on the benefits that memory would have, and empirical evidence of
memory in another species of otter, it seems likely that North American river otters would
possess long-term memory.
One type of future research study that could further study memory in otters would be
another project using the NOR task but with additional subjects. It would be important for the
subjects to vary based on age and sex and personality. If the classic NOR task was used with
otters again, it may be useful to create smaller video coding sections of the enclosure than was
done in this study, especially if an existing experimental set-up is used. This could potentially
resolve some issues faced in the current study, such as the otter’s side bias. Even if an otter in a
future study was focused on other areas of the enclosure again, like the otter in the current study
was with the gate, with smaller sections closer to the stimuli future studies may be able to only
code the times when the otter is truly investigating the stimuli. Additionally, it would likely be
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necessary to study otters across multiple zoos to obtain multiple otters as participants in future
research. It would also be useful to study multiple memory intervals, similarly to what was done
in the current study. Within different memory intervals, there may be inherent differences that
could prove interesting if there were differences between the varying memory intervals. For
example, in the current study Sailor slept during the 1-hour and of course the 24-hour memory
intervals, but not during the 10-minute memory interval. It would be interesting, if evidence of
memory is found in a future study, to determine if there were differences between the memory
intervals. In humans it is known that sleep can contribute to memory consolidation (Stickgold,
2005). There could be similar processes in otters which could be studied in an NOR task if
different memory intervals are used where sleep is and is not possible.
Additionally, a modified NOR task, similar to those used by Menzel and Menzel (1979)
and Joubert and Vouclair (1986), could be used instead of the classic NOR task used in the
current study. In this modified NOR task, the stimuli are presented in the natural environment in
a specific location and orientation. Each day, a new stimulus is added to the environment.
Menzel and Menzel (1979) presented up to 30 unique stimuli and Joubert and Vouclair (1986)
presented up to 12 unique stimuli. The single previous study on long-term memory in otters did
find evidence of memory using a simulated foraging task (Saliveros et al., 2020). In order to
solve the task, the otters had to manipulate puzzle feeders to obtain the food reward inside the
puzzle. It could be that manipulation of the stimuli/object is important to memory in otters.
Therefore, a modified NOR task may be more appropriate for otters since they are zoo animals.
Otters are not laboratory animals, such as rats, which the NOR task was originally designed for
(Ennaceur & Delacour, 1988). Therefore, the classic NOR task may not be a good fit for otters.
This may be demonstrated by the issues faced in the current study, with one otter unable to
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participate at all and another otter that did not seem engaged in the task. Future research should
take such issues and potential variations of the NOR task into consideration when designing a
memory study with otters.
A second type could be a study that uses a different type of task, such as one in a foraging
context similar to Saliveros and colleagues’ (2020) study. Instead of the NOR task, Saliveros and
colleagues (2020) studied memory within a foraging context by using novel extractive foraging
tasks. These tasks were very similar to puzzle feeders that are often used in zoos for enrichment
practices. Puzzle feeders are devices that conceal food in a way that requires the animal to
manipulate the object to retrieve the food (Clark, 2017). These are enriching because puzzle
feeders require the animal to spend more time being active and engaged in a task to retrieve their
food than if the food was given to them in a bowl. Thus, the animal spends less time performing
abnormal behaviors or being inactive (Brent & Eichberg, 1991). This type of enrichment is
specified as cognitive enrichment, which engages cognitive skills through opportunities to
problem solve and control aspects of the environment to promote wellbeing (Clark, 2017).
Cognitive enrichment is very engaging to animals, and it seems many have a desire to be
challenged cognitively even when their resources are readily available. (Wemelsfelder & Birke,
1997; Wood-Gush & Vestergaard, 1991). By using a task that draws on this desire for a
cognitive challenge and results in a food reward, future research could have promising findings
on long-term memory in otters.
In a future study, puzzle feeders could include some of the same objects used in the
current study, just presented in a different way (see Figure 16). For example, the ball with holes
in it could be stuffed with hay and food. The otter would have to remove the hay from the ball to
get the food out of it. The square object with a hole through the middle could be hung from a tree
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branch so that the otter has to stand on its back legs and swat the object to make the food fall out.
Additional puzzle feeders could be purchased or constructed, such as the apparatuses that have to
be spun around to retrieve the food inside (see Figure 16). The independent variables could be
the difficulty of the puzzle feeders (easy, intermediate, difficult), and different memory intervals
similar to those used in the current study. The dependent variable in this type of study would be
time spent solving the puzzle feeders. For example, the puzzle feeders would be given to the
otters to solve, then a memory interval would pass after the initial presentation of the puzzle
feeders. The same puzzle feeders would be presented a second time for the otters to solve again.
The time spent solving the puzzle feeder the first session when it was novel would be compared
to the time spent solving the puzzle feeder the second session. If there is a significant difference
(i.e., they spent less time the second session), this would show evidence of memory, as indicated
by Saliveros and colleagues (2020). To extend this previous study, it would be interesting to
have a variety of memory intervals. Evidence of memory was found in a foraging context at
intervals greater than 100 days (Saliveros et al., 2020). A future study could examine shorter
memory intervals, such as 24-hours or 1 week, as well as longer intervals, such as 6 months or 1
year. It would be interesting for future research to be able to compare any potential differences in
memory at varying memory intervals. Considering puzzle feeders are engaging for animals in
zoos (Clark, 2017) and a successful study on memory in Asian small-clawed otters using such
stimuli, a future study on long-term memory in North American river otters in a foraging context
seems promising. This type of future research would be beneficial to not only the researcher, but
to the otter subjects as well since the puzzle feeder stimuli would likely be enriching.
Research on the cognitive abilities of non-human animals is often enriching to them.
Enrichment is a principle that is meant to enhance the quality of care for an animal by providing
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environmental stimuli that optimize psychological and physical well-being (Shepherdson, 1998,
p.1, as cited in Clark, 2017). By participating in this study our subject Sailor was presented with
60 unique objects and odorant pairings that he had never seen or smelled before. He made 34
explorations in the test overall with both stimulus pairs. While this was not enough to show
evidence of memory, this did show that during some sessions Sailor explored the stimulus pairs.
Therefore, it was likely cognitively enriching for Sailor to participate in this research. Although
very beneficial to animals in zoos, laboratories, and farms, cognitive enrichment (enrichment that
promotes wellbeing by engaging cognitive skills in animals) seems to be used the least of any
enrichment types (Clark, 2017). By using cognitive enrichment as part of research studies at
zoos, it could bring awareness at zoos to how beneficial cognitive enrichment can be to animals.
As was done in this study, zookeepers often help run the sessions for research studies at zoos so
they see how the animals react to different stimuli and tasks. Zoo staff may be motivated by
these types of studies to implement more cognitive enrichment as part of their usual enrichment
practices. This could potentially improve the welfare of animals in zoos (Clark, 2017).
This research also has applications to conservation efforts in otters. North American river
otters nearly went extinct in many parts of the US by the mid-20th century (Kruuk, 2006).
However, reintroduction efforts that began in the 1990s saved this species in the Western, NY
area (DeLong et al., 2019). Additionally, North American river otters now have either rising or
stable populations throughout the United States (Roberts et al., 2020). But otters in the wild still
face issues such as pollution, trapping, and degradation of habitat, which could lead to more
troubles in the future for this species (Yoxon & Yoxon, 2014). Therefore, we need to continue to
study these animals in the wild. However, North American river otters can be elusive and
difficult to study. If we better understand their memory abilities, researchers may be better able
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to find and study these animals. For example, if we find that otters use memory to return to
breeding or feeding grounds, researchers could frequent those areas when trying to study otters.
Or when trying to initially find the otters, they could look for the types of prey otters commonly
hunt and go to those areas where the otters may be. Additionally, if otters use memory to travel
in similar areas around their home ranges, it would be important for conservation efforts to focus
on restoring and protecting those areas. However, more research is needed on otter memory to
better inform such conservation efforts.
Conclusion
This study was the first to examine long-term object recognition memory in North
American river otters. The novel object recognition task was used to study memory in an adult
male otter at 10-minute, 1-hour, and 24-hour intervals. Due to a side bias the time spent with the
stimulus pairs was not a reliable measure of memory. There was also an overall lack of
engagement with the stimulus pairs, and there was no significant difference between the number
of explorations with the novel versus familiar stimulus pairs. It is possible that river otters do not
have long-term object recognition abilities. However, based on the results of other studies
showing memory in other species of otters, it seems more likely that we did not find evidence of
memory in this study due to the methodological limitations. Future research should continue to
investigate long-term memory in North American river otters. This could be done using the NOR
task but addressing some of the limitations discussed in this study and including more otter
subjects. Future research could also use a puzzle feeder task since this can be more engaging and
enriching. There is more that can be learned about otters’ cognitive abilities that will help better
inform enrichment practices in zoos and aquariums and conservation efforts for the species.
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Table 1
Information for Each Object
Block
1

2

Session Object Dimensions – length x width
x depth (cm)
1
1
23 x 19 x 5.5

Purchased or Constructed?

1

2

15.2 x 16.5 x 1.2

Constructed of PVC and filled
with sand
Constructed of acrylic

2

1

27 x 14 x 1.1

Constructed of acrylic

2

2

29 x 4 x 4

Purchased at Petco

3

1

26 x 21 x 3.5

3

2

10 x 10 x 10

Constructed of PVC and filled
with sand
Purchased at Otto Environmental

4

1

16 x 9 x 6.5

Purchased at Otto Environmental

4

2

23 x 6.5 x 6.5

Purchased from Amazon

5

1

11 x 11 x 2

Purchased at Otto Environmental

5

2

18 x 19 x 2

Purchased at Otto Environmental

6

1

9.5 x 5.5 x 5.5

Purchased at Petco

6

2

27.5 x 21 x 4

1

1

27.9 x 11.7 x 1.2

Constructed of PVC and filled
with sand
Constructed of acrylic

1

2

11.5 x 11.5 x 6

Purchased at Petco

2

1

11.5 x 11.5 x 11.5

Purchased at Otto Environmental

2

2

22 x 22 x 2.5

Purchased at Petco

3

1

23 x 6.5 x 6.5

Purchased from Amazon

3

2

24.5 x 8.2 x 1.3

Constructed of metal

4

1

16.9 x 16.5 x 1.3

Constructed of metal

4

2

12.5 x 10.5 x 2

Purchased at Otto Environmental
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Table 1 (continued).

3

4

5

1

21.5 x 6 x 5

Purchased at Petco

5

2

26.5 x 9 x 1.2

Constructed of acrylic

6

1

26.5 x 25 x 5.5

6

2

15 x 10 x 10

Constructed of PVC and filled
with sand
Purchased at Petco

1

1

18 x 7 x 4

Purchased at Petco

1

2

19 x 15 x 1.2

Constructed of acrylic

2

1

12.5 x 27 x 4

2

2

26.2 x 10 x 1.2

Constructed of PVC and filled
with sand
Constructed of acrylic

3

1

16.4 x 16.2 x 1.2

Constructed of acrylic

3

2

22 x 7 x 5

Purchased at Petco

4

1

14.5 x 6 x 6

Purchased at Otto Environmental

4

2

15 x 11 x 4

Purchased at Petco

5

1

34 x 20.5 x 4

5

2

11 x 7 x 2.5

Constructed of PVC and filled
with sand
Purchased at Petco

6

1

11 x 11 x 3

Purchased at Petco

6

2

37.5 x 5.5 x 5.5

1

1

23 x 6.5 x 6.5

Constructed of PVC and filled
with sand
Purchased from Amazon

1

2

25.5 x 13.5 x 3.5

Purchased at Petco

2

1

33 x 21 x 4

2

2

18 x 27 x 3

Constructed of PVC and filled
with sand
Purchased at Petco

3

1

31 x 9 x 9

Purchased at Petco

3

2

18.5 x 15 x 2

Purchased at Petco
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Table 1 (continued).

5

4

1

15.5 x 7 x 4

Purchased at Petco

4

2

10 x 10 x 10

Purchased at Petco

5

1

13.5 x 13.5 x 4.5

Purchased at Petco

5

2

9.5 x 13 x 3

Purchased at Petco

6

1

31 x 7 x 4

Purchased at Petco

6

2

15.5 x 6.5 x 2

Purchased at Otto Environmental

1

1

12 x 6 x 6

Purchased at Petco

1

2

8 x 8 x 6.5

Purchased at Otto Environmental

2

1

21.5 x 7 x 8

Purchased at Petco

2

2

21.5 x 9 x 3

Purchased at Otto Environmental

3

1

7 x 13 x 7

Purchased at Petco

3

2

29.5 x 8 x 5

Purchased at Otto Environmental

4

1

16.5 x 16.5 x 16.5

Purchased at Petco

4

2

13 x 14 x 1.5

Purchased at Otto Environmental

5

1

16.5 x 4.5 x 1

Purchased at Petco

5

2

18 x 6.5 x 6.5

Purchased at Otto Environmental

6

1

7 x 27.5 x 7

Purchased at Petco

6

2

11.5 x 11.5 x 5.5

Purchased at Petco

Constructed of PVC and filled
with sand
Constructed of PVC and filled
Pilot
2
33.5 x 23.5 x 4
with sand
Note. Refer to Figure 6 for pictures of each object. Object 1 was always the first object pictured
Pilot

1

17 x 17 x 4

in the photograph for each session. The Petco (https://www.petco.com/shop/en/petcostore) and

79
Otto Environmental (https://ottoenvironmental.com) objects were constructed of various
materials including plastic and rubber, but this information was not consistently reported from
the sellers. The water bottles were made of aluminum and the red was filled with water, purple
was filled with sand, blue was filled with gravel. For all the objects, the length range was 7 cm to
37.5 cm, the width range was 4 cm to 27.5 cm and the depth range was 1 cm to 16.5 cm.
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Table 2
Complete List of Odorants
Brand

Odorant

McCormick® food extracts

Almond
Banana
Butter
Cake batter
Lemon
Lime
Orange
Pumpkin Pie Spice
Raspberry
Root Beer
Rum
Vanilla

OOOFlavors® flavored liquid concentrate

Blueberry
Coconut
Green Apple
Mango
Peach
Pineapple
Strawberry
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Table 2 (continued).
Candles and Supplies, Inc. fragrance oils

Amber
Baby Powder
Balsam
Bayberry
Black Cherry
Candy Corn
Cantaloupe
Cappuccino
Champagne
Cherry Blossom
Christmas Tree
Concord Grape
Cotton Candy
Cranberry
Cucumber
Dragon Fruit
Egg Nog
Frankincense & Myrrh
Ginger
Green Tea
Hazelnut
Honey
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Table 2 (continued).
Hyacinth
Jasmine
Jellybean
Lilac
Lily of the Valley
Magnolia
Ocean Mist
Pancake
Patchouli
Plumeria
Pomegranate
Rain
Rose
Rosemary
Sandalwood
Sunflower
Sweet Pea
Sweet Potato Pie
Turmeric
Violet
White Linen
Total

62

Note. All odorants were novel to the otter to the best of the zookeeper’s knowledge.
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Table 3
Session Composition
Session
Block
Memory Interval
Novel Stimulus Side
1
1
1 hour
L
2
10 minutes
L
3
24 hours
R
4
10 minutes
R
5
24 hours
L
6
1 hour
R
7
2
24 hours
R
8
1 hour
L
9
10 minutes
R
10
1 hour
R
11
24 hours
L
12
10 minutes
L
13
3
24 hours
R
14
1 hour
R
15
10 minutes
L
16
24 hours
L
17
10 minutes
R
18
1 hour
L
19
4
1 hour
R
20
10 minutes
R
21
24 hours
L
22
10 minutes
L
23
24 hours
R
24
1 hour
L
25
5
24 hours
L
26
1 hour
R
27
10 minutes
L
28
1 hour
L
29
24 hours
R
30
10 minutes
R
Note. The novel stimulus pair was not presented on the same side more than twice in a row to
avoid the otter developing a side bias.
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Table 4
Formulas for Calculating Object Exploration and Discrimination
Exploration

Discrimination

EF = A1 + A2

D1 = A3 – B

ET = A3 + B
Note. Formulas were created by May et al. (2016). Exploration in the familiarization trials (EF)
was calculated by adding the time spent around each identical object, A1 and A2. Exploration in
the test trials (ET) was calculated by adding the time spent around the familiar object, A3, and the
novel object, B. EF was used to help in determining how long data was coded in the test trial.
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Table 5
Exploration and Discrimination Indices
Exploration (sec)

Discrimination (sec)

EF = 46.1

DT = 9.5

ET = 46.3

D10 = 13.5
D1 = 10.5
D24 = 4.57

Note. EF = exploration in familiarization trials. ET = exploration in test trials. DT = discrimination
overall in test trials. D10 = discrimination for test sessions with 10-minute memory interval. D1 =
discrimination for test sessions with 1-hour memory interval. D24 = discrimination for test
sessions with 24-hour memory interval. Equations created by May et al. (2015) and shown in
Table 4.
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Table 6
Session by Session Analysis of Explorations
Block

Session

Novel Touches

Familiar Touches

Memory Interval

1

1

4

3

1 hour

2

0

0

10 min

3

0

1

24 hours

4

0

0

10 min

5

2

0

24 hours

6

3

0

1 hour

7

1

0

24 hours

8

1

0

1 hour

9

2

0

10 min

10

0

0

1 hour

11

0

0

24 hours

12

0

2

10 min

13

1

0

24 hours

14

0

0

1 hour

15

1

0

10 min

16

0

1

24 hours

17

0

1

10 min

18

0

0

1 hour

19

0

0

1 hour

20

0

1

10 min

2

3

4
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Table 1 continued.

5

21

0

0

24 hours

22

0

0

10 min

23

1

0

24 hours

24

0

0

1 hour

25

1

1

24 hours

26

0

0

1 hour

27

1

0

10 min

28

1

0

1 hour

29

1

1

24 hours

30

1

2

10 min

Note. The blue shading indicates a session with a larger spread (difference in explorations
between novel and familiar of at least two) of explorations. The red shading indicates a session
with zero explorations. See Figure 6 for pictures of the objects and the odorants for each session.
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Figure 1
Example of an NOR Session

Memory Interval
10 mins, 1 hr, or 24 hrs
Trial 1
Familiarization Trial

Trial 2
Test Trial

Note. One session in the NOR task contains one familiarization trial, one memory interval, and
one test trial.
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Figure 2
Experimental Setup from Side View

Gate 3

Gate 1

Gate 2

Note. The experimental setup for the otter. Stimulus pairs were hung on the walls opposite each
other where there were no gates. A GoPro® camera was mounted to the ceiling of the enclosure
and recorded all sessions. The otter entered through gate 1 at the start of a session. All three gates
were closed once the otter was in the experimental area. The enclosure measured 203 x 157.5 x
178 cm. The gates, indicated by the three gray rectangles, were 76 x 30.5 cm.
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Figure 3
Experimental Setup from Overhead View

Section 1

Section 2

Section 3

Section 3

Pool

Note. The sectioning of the experimental area can be seen here. There were four equal areas,
though the two areas toward the front of the figure where the pool is were combined into one
section (section 3). Section 3 was far away from the stimulus pairs and additional information
was not offered by separating the area. Therefore, throughout the paper these were referred to as
three sections.
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Figure 4
Photograph of the Experimental Setup

Note. The image shows a still captured during a familiarization session from block 2 session 11.
Sailor is seen touching the stimulus on the left with his nose. This would be counted as an
exploration during video coding.

92
Figure 5
Example of Stimulus Pair Set Up

Note. The image shows how the object and odorant were clipped together with a carabiner and
hung onto a mesh wall. A white posterboard was propped behind the fence to make the picture
more clear, but no such background was present behind the stimuli during the study.
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Figure 6
Stimulus Pairings
Block 1 Session 1

Pumpkin Pie Spice/ Magnolia
Session 4

Plumeria/Mango
Block 2 Session 7

Pineapple/Rain
Session 10

Lemon/Sandalwood
Block 3 Session 13

Session 2

Session 3

Maple/Jasmine
Session 5

Turmeric/Orange
Session 6

Vanilla/Sunflower
Session 8

Rose/Cake batter
Session 9

Ocean Mist/Lime
Session 11

Banana/Hazelnut
Session 12

Sweet Pea/Green Apple Lilac/Blueberry
Session 14
Session 15

Peach/Patchouli

Root beer/Violet

Session 16

Session 17

Frankincense &
Myrrh/Coconut
Session 18

Green Tea/ Strawberry

Rum/White Linen

Honey/Almond
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Figure 6 (continued).
Block 4

Block 5

Session 19

Session 20

Butter/Ginger
Session 22

Cappuccino/Champagne Black cherry/Amber
Session 23
Session 24

Candy corn/Cherry
blossom
Session 25

Cantaloupe/Balsam
Session 26

Session 21

Christmas tree/
Bayberry
Session 27

Concord grape/
Cucumber

Jellybean/Egg nog

Lily of the
valley/Cotton candy

Session 28

Session 29

Session 30

Cranberry/Sweet
potato pie

Hyacinth/Cola

Dragon fruit/
Rosemary

Note. The first object and odorant listed was the familiar stimulus pair, the second object and
odorant listed was the novel stimulus pair. The line in the bottom left corner was 10 cm for size
reference.
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Figure 7
Odorant Example

Note. Pictured are the types of odorants that were used in the current study, an example of bottles
the odorants were placed in, unbleached filter paper, and a dropper. One odorant was dropped
onto a strip of filter paper which was then placed in the bottle. The bottles measure 5.3 cm
(height) by 4.5 cm (width) with eleven 0.32 cm holes on the top. A black cable zip-tie was
secured in a loop through two of the holes on the bottle and a carabiner was then attached to the
loop so the bottle could be hooked to the enclosure.
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Figure 8
Average Time Spent on the Left versus Right in the Familiarization Sessions
60
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Time (s)
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0:00-5:00

5:01-10:00

10:01-15:00

15:01-20:00

Minute Intervals in the Session
Left

Right

Note. There was a significant decrease in the time spent on the right after the first five minutes.
Although Sailor spent greater amounts of time on the left after the first five minutes, it was likely
because a gate was positioned on the left side of the enclosure which Sailor would sit near for
extended lengths of time (section 1, see Figure 3). The error bars show standard error.
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Figure 9
Explorations with Stimulus Pairs on the Left versus Right in the Familiarization Sessions
16
14

Number of Explorations

12
10
8
6
4
2
0
0:00-5:00

5:01-10:00

10:01-15:00

15:01-20:00

Minute Intervals in the Session
Left

Right

Note. The majority of explorations with all stimulus pairs took place during the first five
minutes. All explorations to the right stimulus pair took place during the first five minutes. There
are no error bars because the graph shows the exact counts.
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Figure 10
Plots for Familiarization Sessions: Time Difference Spent with Each Stimulus Pair
A.

B.

Note.(A) The dots closely follow the line which indicates normality. (B) The overall shape of the
plot indicates that the data is of fairly uniform distribution.
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Figure 11
Normal Q-Q plots for Test Sessions
A.

B.

Note. For both plots, the dots closely follow the line which indicates normality. (A) The plot for
the difference in time spent with the stimulus pairs. (B) The plot for the difference in
explorations with the stimulus pairs.
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Figure 12
Histograms for Test Sessions
A.

B.

Note. For both the plots, the overall shape approximates a normal distribution indicating
normality. (A) The histogram for the difference in time spent with the stimulus pairs. (B) The
histogram for the difference in explorations with the stimulus pairs.
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Figure 13
Time Spent and Number of Explorations on the Left Versus Right in the Test Sessions
B.

*

50
40
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20
10
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20
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A.

15
10
5
0

Left

Right
Stimulus Side

Left

Right
Stimulus Side

Note. (A) There was a significant difference between the time spent on the left versus right,
indicating a side bias for the dependent variable of time. The error bars show standard error. (B)
There was no significant difference between number of explorations on the left versus right,
indicating there was no side bias for the dependent variable of exploration. There are no error
bars because the graph shows the exact counts.
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Figure 14
Average Time Spent with the Novel versus Familiar Stimulus Pair in the Test Sessions
50
45
40

Average Time (s)

35
30
25
20
15
10
5
0
Overall

10 minutes
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Note. There was no significant differences between the time spent with the novel versus familiar
stimulus pair averaged across all three memory intervals, nor for any specific memory interval
individually. The error bars show standard error.
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Figure 15
Explorations with Novel Stimulus Pair versus Familiar Stimulus Pair in the Test Sessions
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Overall
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24 hours
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Note. There were no significant differences between the explorations with the novel versus
familiar stimulus pair averaged across all three memory intervals, nor for any specific memory
interval individually. There are no error bars because the graph shows the exact counts.
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Figure 16
Potential Stimuli for Future Research

Note. Each of these objects could be used as a puzzle feeder in a future study on long-term
memory in otters. The green ball could be stuffed with hay that would need to be removed to
access the food. The orange object could be hung from a tall branch so the otter has to rear up on
their back legs and tilt the object to make the food fall out. The third object with the otters in the
picture would be filled with food in some or all of the blue arms (depending on desired
difficulty) which the otters then need to spin to access the food.

